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PKEFACE. 



The present Elementary Treatise is extracted from " Parker's 
School Compendium of Natural and Experimental Philo- 
sophy f a work adopted by the Board of Education at 
New York, and most of the public schools in America ^ and 
the foUowing extract from the Author's preface sets forth 
its claims to the notice of those engaged in tuition : — *' It 
is adapted to the present state of natural science ; embraces 
a wider field, and contains a greater amount of information 
on the subject of which it treats, than any work of its size 
and nothing has been omitted which is usually contained 
in an Elementary Treatise. It presents the most important 
piinciples of science in a larger type, while the deduction 
from these principles, and the illustrations, are contained in 
a smaller letter ; by this arrangement, the pupil can never 
be at a loss to distinguish the parts of a lesson which are 
of primary importance. 

Exercises, in the body of the work, and Questions at the 
end, have been added, to facilitate the progress of the 
pupil. 
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NATTJEAL PHILOSOPHY. 



FIRST TREATISE. 



MECHANICS. 

1. Mechanics. — Mechanics is that brunch of Na- 
tural Philosophy which relates to motion and the 
moving powers^ their nature and laws, with their 
effects in machines. 

2. Mechanics is generally considered under two divisions, 
called Statics and Dynamics. 

3. The word Statics is derived from a Greek word implying 
rest, and it is applied to that department of mechanics wnich 
treats of the properties and laws of bodies at rest. 

4. Dynamics, nrom a Greek word si^ifying power or force, 
treats of the properties and laws of bodies in motion. 

6. Matter. — Matter is the general name of every- 
thing that occupies space. 

6. Matter exists in four different states or forms, namely, 
in the solid, liquid, gaseous and vesicular forms. 

7. Matter exists in a solid form when the particles of which 
it is composed cohere together. The different degrees of co- 
hesion wnich different bodies possess causes them to assume 
different degrees of hardness. 

8. Matter exists in a liquid state when the component parts 
do not cohere with sufficient force to prevent theur separation 
by the mere influence of their weight. The surface of a fluid 
at rest always conforms itself to the shape of the portion of 
the earth's surface over which it stands. 

9. Matter exists in a gaseous or aeriform state when the 
particles of which it is composed have ^ xe^\\\s^.Qiii \A^«:t^ 
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eacli other, whicli caufies them to separate with the power of 
expansion, to which there is no known limit. Of this, smoke 
presents a familiar instance. As it ascends it expands, the 
particles repelling each other until they become wholly 
invisible. 

Note. — The word aerifonn means, in the form of air, 

10. The vesicular form of matter is the form in which we 
see it in clouds. It consists of very minute vesicles, resem- 
bling bubbles, and it is the state mto which many vapours 
pass before they assume a fluid condition. 

11. Some suostances are capable, under certain conditions, 
of assuming all these different forms. "Water, for instance, is 
8oHd in the form of ice, fluid as water, in the gaseous state 
when converted into steam, and vesicular in the form of clouds. 

12. All matter, whether in the solid, liquid, gaseous, or 
vesicular form, is either simple or compound in its nature. 
But this consideration of matter pertains more properly to the 
science of chemistry. It is proper, however, here to explain 
what is meant by a simple or homogeneous and a compound 
or heterogeneous subtance. 

13. All matter is composed of very minute particles or 
atoms, united together by different degrees of cohesion. 
When all the atoms are of the same Bnd^ the body is a 
simple or homogeneous substance. Thus, for instance, pure 
iron, pure gold, &c., consists of very minute particles or atoms, 
all of which are pure iron or pure gold. But water, and many 
other substances, are compound substances, composed of 
atoms of two or more different substances, combined by 
chemical affinity. 

14. There are seven essential'''' properties belong- 
ing to matter, namely, 1. Impenetrability; 2. Exten- 
sion ; 3. Figure ; 4. Divisibility ; 6. Indestructibility ; 
6. Inertia; 7. Attraction. 

15. Impenetrability. — Impenetrability is the 
power of occupying a certain portion of space, so 
that where one body is, another cannot be without 
displacing it. 

16. This property. Impenetrability, belongs to all bodies 

* An essential property of a body is that which is necessary to the absolute 
exJstence of the body* 
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and forms of matter, whether solid, fluid, gaseous, or vesi- 
cular. 

The impenetrability of common air may be shown by im- 
mersing an inverted tumbler in a yessel of water. The air 
prevente the water from rising into the tumbler. An empty 
bottle, also, forcibly held horizontally under the water, will 
exhibit the same property ; for the bottle, apparently empty, 
is filled with air, which escapes in bubbles from the bottle as 
the water enters it. But, it the bottle be inverted, the water 
cannot enter the bottle, on account of the impenetrability of 
the air within. 

17. Extension. — Extension is but another name 
for bulk or size^ and it is expressed by the terms 
lengthy breadth or widths height, depths and thickness. 

Note. — Length is the extent from end to end. Breadth or width 
is the extent from side to side. Height, depth or thickness, is the 
extent from the top to the bottom. The measure of a body from 
the bottom to the top is called height ; from the top to the bottom is 
called depth. Thus we speak of the depth of a well, the height of 
a house, &c. 

18. Figure is the form or shape of a body. 

19. Figure and Extension are separate properties, although 
both may be represented by the same terms, length, breadth, 
&c. But they differ as the words shape and size differ. Two 
bodies may be of the same figure or shape, but of yastly 
different size; A grape and an orange resemble each other 
in shape, but differ widely in size. The limits of extension 
constitute figure, but figure has no other connection with 
extension. 

20. Divisibility. — Divisibility is susceptibility of 
being divided. 

21. To the divisibility of matter there is no known limit, 
nor can we conceive of anything so small that it is not made 
up of two halyes or four quarters. It is indeed true that our 
senses are quite limited in their operation, and that we cannot 
perceive or take cognizance, by means of our senses, of many 
objects of the existence of which we are convinced, without 
their immediate and direct testimony. 

22. Sir Isaac Newton has shown that the thickest part of a 
soap-bubble does not exceed the two-mill\oii\^i^^t\.Q\^\i\s>k^, 
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23. The microscopic observationa of Ehrenburg have proved 
that there are many species of little creatures, called Infusoria^ 
so small that millions of them collected into a single mass 
would not exceed the bulk of a grain of sand, and a thousand 
of them might swim side by side through the eye of a small 
needle. 

24. In the slate formations in Bohemia these little creatures 
are found in a fossil state, so small that it would require a 
hundred and eighty-seven millions of them to weigh a single 
grain. 

25. A single thread of the spider's web has been found to 
be composed of six thousand filaments. 

26. A sing[le ^ain of gold may be hammered by a gold- 
beater until it will cover fifty square inches ; each square 
inch may be divided into two hundred strips ; and each strip 
into two hundred parts. One of these parts is only one two- 
millionth part of a grain of gold, and yet it may be seen with 
the naked eye. 

27. The particles which escape from odoriferous objects 
also afibrd instances of extreme oivisibility. 

28. Indestructibility. — By the Indestructibility 
of matter, is meant that it cannot be destroyed. 

29. A body may be indefinitely divided or altered in its 
form, colour, and other unessential properties, but it can 
never be destroyed by man. It must continue to exist in 
some form, with all its essential properties, through all its 
changes of external appearance. Hb alone " who can create 
can destroy." 

30. When water disappears, either by boiling over a fire or 
by evaporation under the heat of the sun, it is not destroyed, 
but merely changed from a liauid to a fluid form, and becomes 
steam or vapour. Some of its unessential properties are 
altered, but its essential properties remain the same, under all 
the changes which it undergoes. In the form of water it has 
no elasticity,* and but a limited degree of compressibility ;* 
but when " it dries up" (as it is called) it rises in the form of 
steam or vapour, and expands to such a de^ee as to become 
invisible, it then assumes other properties, not possessed 
before (such as elasticity and expansibility) ; it ascends in 
the air and forms clouds ; these clouds, afiected by the tena- 
perature of the air and other agents, again fall to the earth in 

* These terms will presently be explained. 
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the form of raio, hail, snow, or sleet, and form springs, foun- 
tains, rivers, &c. The water on or in the earth, therefore, is 
constantly changing its shape or situation, but no particle of 
it is ever actually destroyea. 

31. Substances used as fuel, whether in the form of wood, 
coal, or other materials, in like manner undergo many changes 
by the process of combustion. Parts of them rise in the form 
of smoke, part ascends in vapour, while the remainder is 
reduced to the form of ashes ; out no part is absolutely de- 
stroyed. Combustion merely disunites the simple substances 
of which the burning materials are composed, forming them 
into new combinations ; but every part still continues in 
existence, and retains all the essential * properties of bodies. 

32. Inertia.— Inertia t is the resistance of matter 
to a change of state, whether of motion or of rest. 

33. A body at rest cannot put itself in motion, nor can a 
body in motion stop itself. This incapacity to change its 
state from rest to motion, or from motion to a state of rest, is 
what is implied by the term inertia. 

34. It foUows, therefore, from what has just been stated, 
that when a body is in motion its inertia will cause it to con- 
tinue to move until its motion is destroyed by some other force. 

35. There are two forces constantly exerted around us 
which tend to destroy motion, namely, gravity and the resist- 
ance of the air. All motion caused by animal or mechanical 
power is affected by these two forces. Gravity (which will 

* The reader will be careful to carry in his mind what is meant by the term 
an essential property. It is explained in the note to No. 14, pBge 8. 

t The literal meaning^ of inertia it inactivitjr, and impiin iHabUity to rkanpe 
a state of rest or of motion. A clear and distinct understandinr of this pro- 
perty of all matter is essential in all the departments of material piiilosophy. 
All matter, mechanically considered, mast be in a state either of motion or 
rest ; and, in whatever state it may be, it must remain in that state until a 
change is effected by some efficient cause, independent of the body itself. A 
body placed upon another body in motion partakes of the motion of the body 
on which it is placed. But if that body be suddenly stopped, the superincum- 
bent body will not stop at the same time, unless it be securely fastened. Thus 
if a horse moving at a rapid rate be suddenly stopped, the rider will be thrown 
forward, on account of tnis inertia of his body, unless by extra exertion he 
secures nimself on the saddle by bracing his feet on the stirrups. On the cuii 
trary, if the horse from a state of rest, start suddenly forward, the rider will 
be thrown backwards. For the same reason, when a person jumps from a 
vehicle in motion to the ground, his body, partaking of the motion of the 
vehicle, cannot be suddenly brought to a state of rest by his feet resting on the 

ground, but will be thrown forward in the direction of the motion which it 
as acquired from the vehicle. This is the reason that so many accidents hap- 
pen from leaping from a vehicle in motion. 
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presently be explained) canses all bodies, whether in motion or 
at rest, to tend towards the centre of the earth, and the air 
presents a resistance to all bodies moving in it. Could these 
and all other direct obstacles to motion oe set aside, a body 
when once put in motion would always remain in motion, 
and a body at rest, unaffected by any external force, would 
always remain at rest. 

^^' ^* 36. Experiment to illustrate Inertia, — 

^^Q-y Fig. 1 represents a simple apparatus 
W* for illustratiDg the inertia of a body. A 
■ card is placed on the top of a stand, and 

a ball is balanced on the card. A quick 
motion is then given to the card by means 
of a spring, and the card flies off, leav- 
ing the ball on the top of the stand.* 

37. Nature seems to have engrafted some knowledge of 
mechanical laws on the instinct of animals. When an animal, 
and especially a large animal, is in rapid motion, he cannot 
(on account of the inertia of his body) suddenly stop his mo- 
tion, or change its direction ; and the larger the animal the 
more difficult does a sudden stoppage become. The hare 
pursued by the hound often escapes, when the dog is nearly 
upon him, by a sudden turn, or changing the direction of its 
flight, thus gaining time upon his pursuer, whose inertia is 
not so readily overcome, and who is thus impelled forward 
beyond the spot where the hare turned. 

38. Children at plav are in the same manner enabled " to 
dodge " their elder playmates, and the activity of a boy will 
often enable him to escape the pursuit of a man. 

39. It is the effect of inertia to render us sensible to motion. 
A person in motion would be quite unconscious of that state, 
were it not for the obstacles which have a tendency to impede 
his progress. In a boat on smooth water, motion is percep- 
tible omy by the apparent change in the position of surround- 

* The ball remains on the pillar in this case not solely from its inertia^ but 
because sufficient motion is not communicated to the ball by the friction of 
the card to counteract the effect of gravity on the ball. If the ball therefore 
be not accurately balar ced on the card, the experiment will not be successful, 
because the card cannot move without communicating^ at least a portion of its 
Mootion to the ball. 
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ing objects ; but, if the coarse of the boat be interrupted hj 
running aground, or striking against a rock, the person in the 
boat would feel the shock caused by the sudden change from 
a state of motion to a state of rest, and, unless secured to his 
seat in the boat, he would be precipitated forward. 

40. Attraction. — Attraction is the tendency which 
different bodies or portions of matter have to approacli 
or to adhere to each other. 

41. Every portion of matter is attracted by every other 
portion of matter, and this attraction is the stronger in pro- 
portion to the quantity and the distance. The larger the 
quantity and the less the distance, the stronger is the attrac- 
tion.* 

42. There are two kinds of attraction^ namely, the 
Attraction of Gravitation and the Attraction of Cohe- 
sion. 

The former belongs to all matter, whatever its form ; the 
latter appears to belong principally to solid bodies. 

43. The Attraction of Gravitation is the reciprocal 
attraction of separate portions of matter. 

44. The Attraction of Cohesion is that which causes 
the particles of a body to cohere together. [SeeJVo. 14.] 

45. The attraction of cohesion appears to exist but in a very 
slight degree, if at all, in liquids and fluids. 

46. The attraction of gravitation causes a body, when 
unsupported, to fall to the ground. The attraction of cohe- 
sion holds together the particles of a body, and causes them 
to unite in masses. 

47. Having described the essential properties of bodies, 
we come now to the consideration of other properties belong- 
ing respectively to different kinds of matter ; such as Porosity, 
Density, Banty, Compressibility, Expansibility, Mobility, 
Elasticity, BritlieneSs, Flexibility, Malleability, Ductility, 

Tenacity. 

48. It has already been stated that matter consists of 

* N.B. This subject ii?ill be more faliy treated uivdeT l\v«\kfiA!\Ql Qravxl'^}. 
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minute particles or atomsi united by different degrees of co- 
hesive attraction. These atoms are probably of different 
shapes in different bodies, and the different degrees of com- 
pactness with which they unite eive rise to certain qualities, 
which differ greatly in different substances. These qualities or 
properties are described under the names of Porosity, Density, 
and Barity, which will presently be described. 

49. Besides the property of^ attraction possessed by the 
particles or atoms of which a body is composed, there seems to 
be another property, of a nature directly opposite to attrac- 
tion, which exerts itself with a repulsive force, to prevent 
a closer approximation of the particles than that wnich by 
the law of their nature they assume. This property is called 
repulsion. This repulsion prevents the particles or atoms 
from coming into perfect contact, so that there must be small 
spaces between them, where they do not absolutely touch 
one another. These spaces are called pores, and where they 
exist give rise to that property or quality described under 
the name of Porosity. 

50. PoROSiTT. — Porosity implies, therefore, that there 
are spaces, or pores, between the particles or atoms, which 
form the mass of a body. 

61. Density.— When the pores are few, so that a large 
number of particles unite in a small mass, the body is called 
a dense body. 

62. Density, therefore, implies the closeness or 
compactness of the particles which compose any sub- 
stance. 

53. ErAEiTY. — When the pores in any substance are nume- 
rous, so that the particles which form it touch one another in 
only a few points, the body is called a rare body, 

64. Rarity, therefore, is the reverse of density, and 
implies extension of bulk, without increase in the 
quantity of matter. 

65. From what has now been stated, it appears [^See No, 50] 
that the particles of a body are connected together by a sys- 
tem of attractions and repulsions, which give rise to distinc- 
tions which have already been described. It remains to be 
stated that these attracLions and repulsions differ much in 

degree in different substances, and tnia difference gives rise 
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to other properties, which will now be explained, under their 
appropriate names. 

56. CoMPEEssiBiLiTY. — When the repulsion of the particles 
of any substance can be overcome, and the mass can be reduced 
within narrower limits of extension, it is said to possess the 
property of Compressibility.* 

57. Compressibility, therefore, may be defined the sus- 
ceptibility of a reduction of the limits of extension. 

68. This property is possessed by all known substances, but 
in very different deforces, — some substances requiring but little 
force to compress them, others resisting very great forces ; 
but it is not Known that there is any substance unsusceptiblo 
of compression, if a sufEcient force be applied. 

59. liiquids in general are less easily compressed than solid 
bodies ; so much so, indeed, that in practical science they are 
generally considered as incompressible. Under a very consi- 
derable mechanical force, a slight degree of compression has 
been observed.f 

60. Expansibility.— The system of attractions and repul- 
sions among the particles of a body are sometimes so equally 
balanced that they exist, as it were, in an equilibrium. In 
other cases the repulsive energy is so great as to predominate 
when the attractive force is unaided. When the repulsive 
energy is permitted to act without restraint, it forces the par- 
ticles asunder and increases the limits of extension, giving rise 
to another property of matter possessed by many bodies, but 
in an eminent degree b^ matter in a gaseous form. This pro- 
perty is called ExpansihiLity, 

61. Expansibility, J therefore, may be defined as 

* Compressibility differs from Contraotibilifft rather in cause than effect. 
Contractibiiity implies a change of bulk caused by chano^e of temperature, or 
any other agency no/ »t<reAanJca/. Compressibility iniphes that the daiiiuu- 
tion of balk is caused by some external mechanical force. 

t (''nder a pressure of fifteen pounds on a square inch, water has been dimin- 
ished in bulk ou'y by about forty- five parts in a million. Under a pressure 
of fifteen thousand pounds on a square inch, it was compressed by about one- 
twentieth of its volume. The experiment was tried in a cannon, and the 
cannon was burst. 

% Expansibility and Dilatability are but dificrent names for the snme pro- 
perty ; out expansion implies an augmentation of the bulk or volume, depen- 
dent on mechanical agency, while dilatation expresses the same con(tit!<jn 
produced by some physical cause not properly faUm^ under the denoniinaii<ai 
of mechanical force. Thus heat di ates most substances, while cold cuntrucis 
them. It is on this principle that the thermometer is constructed. 

Ail^seons bodies are invested with the property of dilatobiUtii \.q«xv\\\\\\tcv\V^\ 
defrree, by means of which, wiien unrestraine*!, thoy \n\\\ exvw\'^ «vQTvV^\\viv,\\^\Nj , 
and tbstt nithoat the application of any external agency, Xo a Oie^vt^XM nww^x 
Ufere Is uo known limit. 
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that property of matter by which it is enabled to in- 
crease its limits of extension. 

62. Elasticitt. — When the atoms or particles which con- 
ptitute a body are so balanced by a system of attractions and 
repulsions that they resist any force which tends to change 
the figure of the body, they will possess another property, 
known by the name oi ' Elasticiti/. 

63. Elasticity, therefore is the property which 
causes a body to resume its shape after it has been 
compressed or expanded. 

64. Thus, when a bow or a steel spring is bent, its elasti- 
city causes it to resume its shape. 

65. India-rubber (or caoutchouc) possesses the property 
of elasticity in a remarkable degree, but steam and other 
bodies in a gaseous form in a still greater. 

66. Ivory is endowed with the property of elasticity in a 
remarkable degree, but exhibits it not so much by the mere 
force of pressure, but it requires the force of impact to produce 
change of form. 

67. Brittleness. — Brittleness implies aptness to 
break into irregular fragments. 

68. Flexibility. — Flexibility implies a disposition 
to yield without breaking when bent. 

69. Malleability. — Malleability implies that pro- 
perty by means of which a body may be reduced to 
the form of thin plates by means of the hammer^ or 
the pressure of rollers. 

70. This property is possessed in an eminent degree by 
some of the metals, especially gold, silver, iron, and copper, 
aud it is of vast importance in the arts. A knowledge of the 
uses of iron, and of its malleability, is one of the first steps 
from a savage to a civilized state of life. 

71. The most malleable of the metals is gold, which may he 
hammered to such a degree of thinness as to require three 
hundred and sixty thousand leaves to equal an inch in thick- 
ness. 

72. Ductility.— Some substances admit of being extended 
simultaneoualy both ia length and breadth. Othecs can be 
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extended to a greater degree in length alone ; and tliis pro- 
perty giyes rise to another name, called Ductility. 

73. Ductility. — Ductility is that property which 
renders a sabstance susceptible of being drawn out 
into wire. 

. 74. The same metals are not always both ductile and mal- 
leable to the same degree. Thus iron may be beaten into any 
form, when heated, but not into very ihin plates, but it can 
be drawn into extremely fine wire. Tin and lead, on the con- 
trary, cannot be drawn out into small wire, but they are sus- 
ceptible of being beaten into extremely thin leaves. 

75. Gold and platinum have a high de^eeboth of ductility 
and malleability. Gold can be beaten (as has already been 
stated) into leaves so thin that it would require many thou- 
sands of them to equal an inch in thickness. It has also been 
drawn into wire so attenuated, that one hundred and eighty 
yards of it would not weigh more than a single grain. An 
ounce of such wire would oe more than fifly miles in length. 
But platinum can be drawn even to a finer wire than this. 

76. Tenacity. — ^Tenacity implies the adhesion of 
the particles of a body. 

77. Tenacity is one of the great elements of strength. It 
is the absence of tenacity which constitutes brittlencss. 
Both imply strength, but in different forms. Thus glass, the 
most brittle of all substances, has a great degree of tenacity. 
A slender rod oC glass, which cannot resist the slightest lateral 
pressure, if suspended vertically by one end, will sustain a 
very considei^abfe weight at the other end. 

78. The tenacity of metals is much increased by uniting 
them. A compound consisting of five parts of gold and one 
of copper has a tenacity of more than double that of the gold 
or copper alone ; and brass, which is composed of copper and 
zinc, has a tenacity more than double that of the copper, 
and nearly twenty times as great as that of the zinc alone. 
A mixture of three parts of tin and one of lead has a tenacity 
more than double that of the tin ; and a mixture of eight parts 
of lead and one of zinc has a tenacity nearly double that of 
the zinc, and nearly five times that of the lead alone.* 

79. GEAyify. — It has already been stated that matter in 

* There are many other Bpecific properties of bodies besides those that Iv«n«. 
now been enumerated, the consideration of YrbichbeXon^^ \a Vka «(£\«\\^«^ vA. 
ChemiatiT; 
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all its fonns, whether solid, fluid, or gaseous, possesses the 
property of attraction. This property, with its laws, is 
now to be particularly considered, under the name of Gravity. 

80. Gravity is the reciprocal attraction of separate 
portions of matter. 

All bodies attract each other with a force propor- 
tionate to their size, density, and distance from each 
other. [See No. 42.] 

81. This law explains the reason why a body which is not 
supported falls to the earth. Two bodies existing in any por- 
tion of space mutually attract each other, and would rush to- 
gether, were they not prevented by some superior force. 
Let us suppose, for instance, that two balls made of the same 
materials, but one weighing ten pounds and the other weigh- 
ing only one pound, were ten feet apart, but both were a 
hundred feet above the surface of the earth. According to 
this law, the two balls would rush together, the lighter ball 
passing over nine feet of the distance, and the heavier ball 
over one foot ; and this they would do, were they not both pre- 
vented by a superior force. That superior force is the earth, 
which, being a much larger "body, attracts them both with a 
superior force > This superior force they will both obey, and 
both will therefore fall to the earth. As the attraction of the 
earth and of the balls is mutual, the earth will also move to- 
wards the balls while the balls are falling to the earth ; but 
the size of the earth is so much greater than that of the balls, 
that the distance that the earth would move towards the balls 
would be too small to be appreciated. 

82. The attraction of the earth is the cause of what we 
call weight. When we say that a body weighs an ounce, a 
pound, or a ton, we express by these terms the degree of at- 
traction by which it is drawn towards the earth. Therefore, 

83. Weight is the measure of the earth's attrac- 
tion.* 

84. As this attraction depends upon the quantity of mat- 
ter which a body contains, it follows that. 

Those bodies will have the greatest weight which 
contain the greatest quantity of niatter.i* 

* When we sav that a body weig^hs an ounce, a pound, or a hundred pounds, 
we express, by these term^, the degree of attraction by which it ia drawn 
towards the esrth. 
t The weight of a body is not dependent Bo\e\v on \la %\ta w\ix»L\ \\& ^«tf 
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85. Tebbestbial Gbayitt. — It has already been stated 
ISee No, 42] that the attraction which one mass of matter has 
for another, is in proportion to the quantity and the distance ; 
and that, the larger the Quantity of matter and liie le^s its 
distance, the stronger wul be the attraction. The law of 
this attraction may be stated as follows : 

86. Every portion of matter attracts every other 
portion of matter with a force proportioned directly 
to the quantity, and inversely as the square of the 
distance. 

87. Let us now apply this law to terrestrial gravity — that is. 
to the earth's attraction ; and for that purpose, let us sup- 
pose four balls of the same size and density, to be placed re- 
spectively as follows, namely : 

The first at the centre of the earth. 

The second on the surface of the earth. 

The third above the earth's surface, at twice the distance 
of the surface from the centre (that distance being four thou- 
sand miles), 

Tlie fourth to be half way between the surface and the 
centre. 

To ascertain the attractive force of the earth on each of 
these balls, we reason thus : 

The first ball {at the centre) will be surrounded on all sides 
by an equal quantit^^ of matter, and it will remain at rest. 

The second ball will be attracted downwards to the centre 
by the whole mass below it. 

The third ball, being at twice the distance from the surface 
(gravity decreasing as the square of the distance increases), 
will be attracted by a force equal to only one-fourth of that 
at the surface. 

The fourth ball, being attracted downwards by that por- 
tion of the earth which is below it, and upwards by that por- 
tion which is above it, will be influenced only by the difference 
between these two opposite attractions ; and as the down- 
ward attraction is twice as great as the upward, the down- 

gity must also be considered. If we take an equal quantity, by measure, of 
two substances,— lead and cork for instance, — we shall find that, although both 
are of the same size, the lead will weig^h much more than the cork. Tlie cork 
is more porous than the lead. and. consequently, the particles of which it is 
composM must be further apart, and therefore there must be fewer of them 
within a given bulk; in bile, in tlte lead, the pores are much smaller, and the 
particles will, therefore, be crowded into a moch tmaVVex «\ma«. 
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ward attraction will prevail with half its original force, the 
other half being balanced by the upward attraction. 

88. Aa weight is the measure of the earth's attraction, we 
may represent this principle by the weight of the balls, as 
follows {supposing the weight of each hall, at the surface of 
the earth, to he one pound) : 

The first ball will weigh nothing. 
The second will weigh one pound. 
The third will weigh one-quarter of a pound. 
The fourth will weigh one-naif of a pound. 
The law of terrestrial^ gravity, then, may be stated as 
follows : 

89. The force of gravity is greatest at the surface of the 
earth, and it decreases upwards as the square of the distance 
from the centre increases, and downwards simply as the 
distance from the centre decreases. 

According to the principles just stated, a body which at the 
surface of the earth weighs a pound, at the centre of the 
earth will weigh nothing. 

1000 miles from the centre it will weigh ^ of a pound. 

2000 •' " " " " '* i 

3000 ** " *' " " " I 

4000 *• " " " " " 1 pound. 

8000 " •• " *' " " i of a pound. 

12000 
16000 
20000 
24000 
28000 
32000 

If the principles that have now been stated have been un- 
derstood, the solution of the following questions will not be 
difficult. 

90. Exercises, 

[N.B. We use the term weight in these questions in its philosophical 
sense, as " the measure vfthe earth* s attraction at the surface"] 

(1.) Suppose that a body weighing 800 pounds could be 
sunk 500 miles deep into the earth,— what would it weigh P 

Solution. 500 miles is i of 4000 miles ; and, as the dis- 
^anae from the centre is decreased by ^, its weight would also 
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be decreased in the same proportion, and the body would 
weigh 700 pounds. 

(2.) Suppose a body weighing two tons were sunk one mile 
below the surface of the earth — what wonld it weigh in that 
position P 

(3.) If a load of coals weigh six tons at the surface of the 
earth, what would it weigh in the mine from which it was 
taken, supposing the mine were at a perpendicular distance 
of half a mile from the surface P 

(4.) If the fossil bones of an animal dug from the depth 
of 5i28 feet from the surface weigh four tons, what would be 
their weight at the depth where thev were exhumed P 

(6.) Ifa cubic yard of lead weign 12 tons at the surface of 
the earth, what would it weigh at the distance of 1000 miles 
from the centre P 

(6.) If a body on the surface of the earth weigh four tons, 
what would be its weight if it were elevated a thousand miles 
above the surface P 

Solution, Square the two distances 4000 and 5000, &c. 

Tons. cwt. qn. lbs. 

Answer. 2 11 24|^. 

(7.) "Which will weigh the most, a body of 3000 tons at the 
distance of four millions of miles from the earth, or a body 
of 4000 tons at the distance of three millions of miles P 

(8.) How far above the surface of the earth must a pound 
weight be carried to make it weigh but one ounce avoirdupoise ? 

(9.) Ifa body weigh two tons when at the distance of a thou- 
sand miles above the surface of the earth, what would it weigh 
at the surface P 

(10.) Suppose two balls ten thousand miles apart were to 
approach each other under the influence of mutual attraction, 
the weight of one being represented by 15, that of the other 
by 30— low far would each move P 

(11.) Which would have the stronger attraction on the 
earth — a body at the distance of 95 millions of miles from the 
earth, with a weight represented hj 1000, or a body at the 
distance represented by 95, and a weight represented by 1 P 

(12.) Supposing the weight of a body to oe represented by 
4 and its distance at 6, and the weight of another body to be 
6 and its distance at 4, which would exert the stronger power 
of attraction P 

91. Thb Cbktbb^ of GtRavitt. — As every pnrt of a body 
po09eAie!9 the general propertj of attTaci\OTi/\V\& ^V\\<^t^^^ 
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the attractive force of the mass of a body must be concentrated 
in some point ; and this point is called the centre of gravity 
of the body. 

92. The Centre of Gravity of a body is the point 
*about which all the parts balance each other. 

93. This point in all spherical bodies of uniform density 
will be the centre of sphericity, 

94. As the earth is a spherical body, its centre of gravity 
is at the centre of its sphericity. 

95. When bodies approach each other under the effect of 
mutual attraction, they tend mutually to approach the centre 
of gravity of each other. 

96. For this reason, when any body falls towards the earth, 
its motion will be in a straight line towards the centre of the 
earth. No two bodies from different points can approach 

Fig. 2. the centre of a sphere in a parallel direction, 
and no two bodies suspended from different 
points can hang parallel to one another. 

97. Even a pair of scales hanging perpen- 
dicularly to the earth, as represented in Eig. 2, 
cannot be exactly parallel, because they both 
point to the same spot, namely, the centre of 
the earth. But their convergency is too small 
to be perceptible. 

98. The direction in which a falling body approaches the 
surface of the earth is called a Vertical Line. 

No two vertical hues can be parallel. 

90. A weight suspended from any point will always assume 
a verti'cal position. 

100. All bodies under the influence of terrestrial gravity 
'^vill fall to the surface of the earth in the same space of time, 
when at an equal distance from the earth, if nothing impede 
them. But the air presents by its inertia a resistance to be 
overcome. This resistance can be more easily overcome by 
dense bodies, and therefore the rapidity of the fall of a body 
will be in proportion to its density. 

101. The resistance of the au* to the fall of a body is in 
direct proportion to the extent of its surface. 

102. Heavy bodies can be made to jioat in the air, instead 
offa)ywg immediately to the ground, by making the extent 

of their surface counterbalance tkeir -wei^V.. Towa ^old^ 
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wbich 18 one of the heaviest of all «ub«tance», when "Pi^'d 
out into thin leaf is not attracted by (trsvity with sumcient 
force to overcome t}ie reuiiitaiica of the air ; it therefore 
floats in the air, or folia slonly. A sheet of paper also, for 
the same reason, will fall vcrj slowly if spread open, but if 
folded into a small compau, go as to present but a small sur- 
face to the air, it will faJl much more rapidly. 

103. This principle trill explain the reason why a person can 
with impnnitv leap from a greater height with an expanded 
umbrella in Lis hand. The resistance of the air to the 
broad surface of the umbrella checks the rapidity of the fall. 

104. In the same manner the aeronaut saloly descends from 
a balloon at a great height by tit- '• 

means of a panu:kuta. But, 
if by any accident the para- 
chute is not expanded as he 
falls, the rapidity of the fall 
will not be checked. [See/j.3.] 

105. EpPECT op GBiVlTV ON 

THB Dbksiti o» thb AiB. — 

The air extends to a very con- 
siderable distance above tlie 
surfaoe of the earth.* That por- 
tion which lies near the surface 
of the earth has to pustain the 
weight of the portions above : 
and the presanre of the up]^?r parts of the atmosphere on 
those beneath, renders the air near the surface of the earth 
much more dense than that in the upper regions. 

106. The air or atmosphere exists in a state of com- 
pression, caused by Gravity, wliich iucreaaes its den- 
sity near the surface of tlie earth. 

107. Gravity causes bodies in a fluid or gvseons form to 
move in a direction ieemingli/ at variance with its own laws. 

Thus smoLe and steam ascend, and oil poured into a vessel 
containing another fluid will first sink, and then rise to the 
surface. This seemingly anomalous circumstance, when 
rightly understood, will be found to be in perfect obedience to 
the laws of gravitation. Smoke and steam are both sub- 
• Wa biTa no meaoi or niccrtitntng the aaa hriubt to which theuir 
^Itends. AlUioiigh tbe ixucl keiKlii la nliicli Ihe itinotvilieTe cUkM\ hu 
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stanoes less dense than air, and are therefore less forcibly at- 
tracted by gravitation. The air being more strongly at- 
tracted than steam or smoke, on account of its superior (fensity , 
fidls into the space occupied by \he steam, and forces it up- 
wards. The same reasoning applies in the case of oil ; it is 
forced upwards by the heavier nuid, and both phenomena are 
thusseento be the necessary consequences of gravity. Therising 
of a cork or other similar light substances from tiie bottom of 
a vessel of water is explained in the same. This circumstance 
leads to the consideration of what is called specific gravity, 

108. SpEcifio Gravity. — Specific Gravity is a 
term used to express the relative weight of equal 
bulks of different bodies.'*'' 

109. If we take equal bulks of lead, wood, cork, and air, 
we find the lead to be the heaviest, then the wood, then the 
cork, and lastly, the air. Hence we say that the specific 
gravity of cork is greater than that of air, the specific gravity 
of wood is greater than that of cork, and the specific gravity 
of lead greater than that of wood, &c. 

110. From what has now been said with respect to the 
attraction of gravitation and the specific gravity of bodies, it 
appears that, although the earth attracts all substances, yet 
tnis veryattraotion causes some bodies to rise and others to mil. 

111. Those bodies or substances the specific gravity of 
which is greater than that of air will fall, and those whose 
specific gravity is less than that of air will rise ; or ra'her, the 
air being more strongly attracted, will get beneath them, and, 
thus displacing them, will cause them to rise. For the same 
reason, cork and other light substances will not sink in water, 
because, the specific gravity of water being greater, the water 
is more strongly attracted, and will be drawn down beneath 
them. 

112. The principle which causes balloons to rise is the same 
which occasions the ascent of smoke, steam, <&c. The mate- 
rials of which a balloon is made are heavier than air, but their 
extension is greatly increased, and they are filled with an 

* The quantity of matter in a body it estimated, not by its apparent size, 

but by its weight. Some bodies, as cork, feathers, &c., are termed light; 

others, as lead, gold, mercury, &c^ are called heavy. The reason of this is, 

that the particles which compose the former are not closely packed together, 

and therefore they occupy considerable space ; while in the latter they are 

Joined more closely together, and occupy but little room. A pound of cork 

Mnd a pound of le&a, therefore, will differ very mucU \u a.^varent size, while 

^ejr are both eguuUy Attracted by gravity,— tbat ia, lUe^i y<tt\^\iX^i««ftSbA. 
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elastic fluid of a different nature, specificaUy lighter than air, 
so that, on the whole, the balloon when thus filled is much 
lighter than a portion of air of the same dimensions, and it 
will rise, 

113. Gravity, therefore, causes bodies which are lighter than 
air to ascend, those which are of eaual weight with air to re- 
main stationaij, and those which are neavier than air to descend. 
But the rapidity of their descent is affected by the resistance 
of the air, which resistance is proportioned to the extent of 
surface in the falling body. 

114. Motion is a continued change of place. 

115. On account of the inertia of matter, a body at rest 
cannot put itself in motion, nor can a body in motion stop 
itself. 

116. That which causes motion is called a Force. 

117. That which stops or impedes motion is called 
Resistance.* 

118. In relation to motion^ we must consider the 
force^ the resistance, the time^ the space, the direc- 
tion, the velocity^ and the momentum. 

119. The velocity is the rapidity with which a body 
moves ; and it is always proportional to the force by 
which the body is put in motion. 

120. The velocity of a moving body is determined by the 
time that it occupies in passing through a given space. The 
greater the space and the shoHer the time, the greater is the 
velocity. Thus, if one body move at the rate of six miles, 
and another twelve miles in the same time, the velocity of the 
latter is double that of the former. 

121. To find the velocity of a body, the space 
passed over must be divided by the time employed in 
moving over it. 

Thus, if a body move 100 miles in 20 hours, the velocity is 
found by dividing 100 by 20. The result is five miles an hour.f 

* A force ii aometimes a recistance, and a resistance is sometimes a force. 
The two terms are nsed merely to denote opposition. 

t Velocity is sometimes called absolute, and sometimes Te\«X.\\%. N€vq^\V) 
is called absolute when the motion of a body in space \« coxv%\^«t^^ ^aWV^n^X 
reference to Uuit of other bodiet. When, for instance, a Xiorae %Q«ia %.\l\>xw^^ 
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122. Exercises, 

(I.) If a body move 1000 miles in 20 days, what is its velocity ? Jns. 
50 miles a day. 

(2.) If a horse travel 15 miles in an hour, what is his velocity ? Jnt. 
^ of a mile in a minute. 

(3») Suppose one man walk 300 miles in 10 days, and another 200 
miles in the same time — what are their respective velocities ? 

(4.) If a ball thrown from a cannon strike the ground at the dis- 
tance of 3 miles in 3 seconds from the time of its discharge, what is 
its velocity ? 

(5.) Suppose a flash of lightning come from a cloud 3 miles distant 
from the earth, and the thunder be heard in 23 seconds after the flash 
is seen, how fast does sound travel ? 

(6.) The sun is 95- millions of miles from the earth, and it takes 8 
minutes for the light from the sun to reach the earth ; with what 
velocity does light move ? 

123. The time employed by a body in motion may 
be ascertained by dividing the space by tiie velocity. 

Thug, if the space passed over be 100 miles, and the velo- 
city 5 miles in an hour, the time will be 100 divided by 20. 
Ans, 20 hours. 

124. Exercises, 

(I.) If a cannon-ball, with a velocity of 3 miles in a second, strike 
the ground at the distance of one mile, what is the time employed ? 
Afu. One-third of a minute, or twenty seconds. 

(2.) Suppose light to move at the rate of 2U0,000 miles in a second 
of time, how long will it take to reach the earth from the sun, which 
is 95 millions of miles distant ? 

(3.) If a railway engine run at the rate of 20 miles an hour, how 
long will it take to go a distance of 432 miles ? 

(4.) Suppose a ship sail at the rate of 6 miles an hour, how long 
will it take to go from the United States to Europe, across the Atlan- 
tic Ocean, a distance of 2800 miles ? 

(5.) If the earth go round the sun in 365 days, and the distance 
travelled be 540 millions of miles, how fast does it travel ? 

(6.) Suppose a carrier pigeon, let loose at 6 o'clock in the morning 
from Washington, reach New Orleans at b o'clock at night, a distance 
of 1200 miles, how fast does it fly ? 

miles in ten honrs, his absolute velocity is ten miles an hour. Velocity it 
called relative, when it is compared with that of another body. Thus, if one 
horse travel only fifty miles in ten hours, and another one hundred in the same 
time, the absolute velocity of the tir&t horse is five miles an hour, and that of 
tiie latter U tea milea } but their relative Telocity is five miles. 
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126. The space passed over, may be found by mul- 
tiplying the velocity by the time. 

Thus, if the velocity be 5 miles an hour, and the time 
20 hours, the space will be 20 multiplied by 6. Ans. 100 
miles. 

126. (1.) If a vessel sul 125 miles in a day for ten days, how far 
will it sail in that time ? 

(2.) Suppose the average rate of steamers between New York and 
Albany be about 11 miles an hour, which they traverse in about 14 
hours, what is the distance between these two cities by the river ? 

(3.) Suppose the cars going over the railroad between these two 
cities travel at the rate of 25 miles an hour and take 8 hours to go 
over the distance, how far is it from New York to Albany by railroad ? 

(4.) If a man walking from Boston, at the rate of 2 J miles in an hour, 
reach Salem in C hours, what is the distance from Boston to Salem ? 

(5.) The waters of a certain river, moving at the rate of 4 feet in 
a second, reach the sea in 6 days from the time of starting from the 
source of the river, ^hat is the length of that river ? 

(6 ) A cannon-ball moving at the rate of 2 iOO feet in a second of 
time, strikes a target in 4 seconds. What is the distance of the target ? 

127. The following formulae embrace the several ratios of the time, 
space, and velocity : 

s 
(1.) The space divided by the4ime equals the velocity, or — = v. 

t 
s 
(2.) The space divided by the velocity eiqnals the time, or — = t. 

V 

(3.) The velocity multiplied by the time equals the space, or v x t=8. 

128. There are three kinds of motion, namely, 
Uniform, Accelerated and Retarded. 

129. Uniform motion is that by which a body 
moves over equal spaces in equal times. 

130. Accelerated Motion is that by which the velo- 
city increases while the body is moving. 

131 . Retarded Motion is that by which the velocity 
decreases while the body is moving. 

132. Uniform motion is produced by the raomewt^v^ 
action of a single force. Accelerated Mo\Aow\'a ^vv^- 
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duced by the continued action of one or more forces. 
Retarded Motion is produced by some resistance. 

133. A ball struck by a bat, or a stone thrown from the 
hand is in theory an instance of uniform motion ; and, if the 
attraction of gravity and the resistance of the air could be sus- 
pended, it would procee/1 onwards in a straight line, with a 
uniform motion, fOr ever. But, as the resistance of the air 
and grayitv botJi tend to deflect it, it in fact becomes first an 
instance oi retarded, and then of accelerated motion. 

134. A stone, or any other body, falling from a height is an 
instance of accelerated motion. The force of gravity con- 
tinues to operate upon it during tl^e whole time of its descent, 
and constantly accelerates its velocity. It begins its descent 
with the first impulse of attraction, and, comd the force of 
gravity which gave it the impulse be suspended, it would con- 
tinue its descent with a uniform velocity. But while falling 
it is every moment receiving a new impulse from gravity, ana 
its velocity is con^^tantly increasing during the whole time of 
its descent. 

135. A stone thrown perpendicularly upward is an instance 
of retarded motion ; for, as soon as it begins to ascend, gra- 
vity immediatelv attracts it downwards, and thus its velocity 
is retarded. Tne retarding force of gravity acts upon it 
during every moment of ite ascent, decreasing its velocity 
until its upward motion is entirely destroyed. It then begins 
to faU with a motion continually accelerated until it reaches 
the ground. 

136. A body projected upwards will occupy the same time 
in its ascent and descent. 

This is a necessary consequence of the eflfect of gravity, 
which uniformly retards it in the ascent and accelerates it m 
its descent. 

137. Perpetual Motion. — Perpetual Motion is 
deemed an impossibility in mechanics, because action 
and reaction are always equal and in contrary direc- 
tions. 

138. By the action of a body is meant the effect 
which it produces upon another body. By reaction 
js meant the effect which it receives from the body 

on which it nets. 
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Thus, when a body in motion strikes another body, it acts 
upon it, or produces a motion ; but it also meets with resist- 
tance from the body which is struck, and this resistance is the 
reaction of the body. 

Illustration of Action and Reaction by means of Elastic and 

Non-Elastic Balls, 

(1.) Figure 4 represents two ivory* balls, A and B, of 
equal size, weight, &c., suspended by threads. If ng, 4. 
the ball A be drawn a little on one side, and then 
let go, it will strike against the other ball B, and 
drive it off to a distance equal to that through 
which the first ball feU; but the motion of A will 
be stopped, because when it strikes B it receives 
in return a blow equal to that which it gave, but in a contrary 
direction, and its motion is thereby stopped, or, rather, given 
to B. Therefore when a body strikes against another, the 
quantity of motion communicated to the second body is lost 
by the first ; but this loss proceeds, not from the blow given 
by the striking body, but from the reaction of the body which 
it struck. 

(2) Figure 5 represents six ivory balls of equal weight, 
suspended by threads. If the ball A be drawn pj ^ 

out of the perpendicular, and let fall against 
B, it will communicate its motion to B, and 
receive a reaction from it which will stop its 
own motion. But the ball B cannot move 
without moving C; it wiD therefore communi- 
cate the motion which it received from AtoC, ^ bcdk r 
and receive from C a reaction, which will stop its motion. 
In like manner the motion and reaction are received by each 
of the balls D, £, F ; but, as there is no ball beyond F to act 

upon it, F will fly off. 

N.B. This experiment is to be performed with elastic balls only. 

(3.) Fig. 6 represents two balls of clay (which are 
not elastic), of equal weight, suspended by strings. If 
the ball D be raised and let fall against £, only part 
of the motion of D will be destroyed by it (because 
the bodies are non-elastic), and the two ba\\& n<i'\\V 
move OD together to d and ^, which arele&a d\a\»xv\. * * ^ ^ 
* It will be recollected that ivory U coiiiidered^\S^Vj tX^A'v^c. 
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from the vertical line than the ball D was before it fell. Still 
however, action and reaction are equal, for the action on £ 
is only enough to make it move through a smaller space, 
but so much of D's motion is now also destroyed.* 

139. It is on the principle of action and reaction that birds 
are enabled to fly. They strike the air with their winpfs, and 
the reaction of the air enables them to rise, fall, or remain 
stationary, at will, by increasing or diminishing the force of 
the stroke of their wmf^s. 

140. It is likewise upon the same principle of action and 
reaction that fishes swim, or rather, make their way through 
the water, namely, by strikinj? the water with their fins. 

141. Boats are also propelled by oars on the same princi- 
ple, and the oars are lifted out of the water, after every stroke, 
so as completely to prevent any reaction in a backward 
direction. 

142. Motion may be caused either by action or re- 
action. When caased by action it is called Incident, 
and when caused by reaction it is called Reflected 
Motion. + 

143. The angle of incidence is the angle formed 
by the line which the incident body makes in its pas- 
sage towards any object, with a line perpendicular 
to the snrface of the object. 

* Fii;s. 4 and 5, as hns been explained, show the effect of action and rraction 
in elastic bodies, and Fig. 6 shows the same elTect in nonrelastic bodies. When 
the elasticity of a body is imperfect, an intermediate effect will be produced ; 
tlittt is, the ball which is struck will rise higher than in case of non-elastic 
IxKiies, and less so than in that of perfectly elastic bodies; and the striking^ 
ball will be retarded more than in the former case, but not stopped completely, 
as in the latter. They will, therefore, both move onwards after the blow, but 
not totrether, or to the same distance : but in this, as in the preceding cases, 
the whole quantity of motion destroyed in the striking ball will be equal to 
that prudu* ed in the ball struck. 

t The Yford incident im[y\ie8 faltina upon^ or directed toward*. Tlieword 
reflected implies turned back. Incident motion is motion directed towards any 
particular oi>ject, against which a moving body strikes. Reflected motion is 
that which is caused by the reaction of the body which is Struck. Thus when 
a ball is thrown a;>:ainst a surface, it rebounds or is turned back. This return 
of the bail is called reflected moiiun. As reflected motion is caused by reaction, 
and reaction is causeil by elasticity, it follows that reflected motion is always 
greatest in thooe bodies which are most elastic. For this reason, a ball fllled 
with air rebounds better than one stufi'ed with brap or wool, because its 
elasticity is greater. For the same reason, balls made of caoutchouc, or 
Jnt/ia-rabber, will rebound more thau those w\x\c\\aT(ivuud!& of iu«at other sub- 
Btuuce§. 
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144. Thus in Fig. 7, the line ABC ^''^' ''' . 
epresents a wall, and P B a line perpen- •--.,^ 

licular to its surface. O is a ball moving p '^^':.{3, 

n the direction of the dotted line, O B. ,,.-""' 

The angle O B P is the angle of incidence. R 

145. The angle of reflection is the angle formed by 
:he perpendicular with the line made by the reflected 
3ody as it leaves the surface against which it struck. 

Thus, in Fig. 7, the angle P B R is the angle of reflection* 

146. The angles of incidence and reflection are 
always equal to one another.* 

Thus, in Fig. 7, the angle of incidence, O B P, and the 
angle of reflection, P B R, are equal to one another ; that 
is, they contain an equal number of degrees. 

147. From what has now been stated with regard to 
the angles of incidence and reflection, it follows, that 
when a haU is thrown perpendicularly against an object 
which it cannot penetrate^ it will return in the same 
direction ; but, if it be thrown obliquely, it icill return 
obliquely on the opposite side of the perpendicular. The 
more obliquely the ball is thrown y the more obliquely it 
willrebound.'f 

148. Momentum. — The Momentumj; of a body is 
its quantity of motion,^ and it expresses the force 
with which it would strike against another body. 

• 

* An understanding of this law of reflected motion is very iniportant, be, 
cause it is a fundamental law, nut only in Mechanics, but also in PyrouomicH, 
Acoustics, and Optics. 

f It is from a knowledge of these facts that skill is acquired in many dif- 
ferent sorts of rames, as Billiards, Bagtiteile, &c. A ball may also from tiie 
same principle be thrown from a j^un against a foitification so as to reach au 
object out of the ran^e of a direct shot. 

± The plural of this word is m&menta. 

§ The quantity of motion communicated to a bodyr does not affect the dura- 
tion of the motion. If but little motion be communicated, the body will move 
slowly. If apreat degree be imparted, it will move Ta^\A\>f. >4\)X Vcv "ViVivVv 
the motron will continue antil it is destroyed by some e3il€Tii«\ l^te^. 
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149. Thus, if the Telocity of a body be represented bj 6 
and its weight by 5, its momentum win be 30. 

The Momentum of a body is ascertained by mul- 
tiplying its weight by its velocity. 

150. A small or a light body may be made to strike 
against another body with a greater force than a 
heavier body, simply by giving it sufficient velocity, — 
that is, by making it have greater momentum. 

Thus, a cork weighing i of an ounce, shot from a pistol with 
the velocity of 100 feet in a second, will do more damage than 
a leaden shot weighing i of an ounce, thrown from the hand 
with a velocity of 40 f^et in a Second, because the momentum 
of the cork will be the greater. 

The momentimi of the cork is J X 100 = 25. 
That of the leaden shot is ^ X ^ =5. 

151. Exercises, 

(1.) What is the momentum of a body weighing 5 pounds, moving 
with the Telocity of 50 feet in a second ? Jng. 250. 

(2.) What is the momentum of a steam-engine, weighing 3 tons, 
moving with the velocity of 60 miles in an hour? 

[N.B. It must be recollected that, in comparing the momenta of 
bodies, the velocities and the time of the bodies compared must be 
respectively of the same denomination. If the time of one be min- 
utes and of the other be hours, they must both be considered in 
minutes, or both in hours. So, with regard to the spaces and the 
weights, if one be feet, all must be expresed in feet ; if one be in 
pounds, all must be in pounds, it is better however, to express the 
weight, velocities, and spaces, by abstract numbers, as follows.] 

(3 ) If a body whose weight is expressed by 9 and velocity by 6, is 
in motion, what is its momentum ? 

(4.) A body whose momentum is 63 has a velocity of 9 ; what is 
its weight ? 

[N.B. The momentum being the product of the weight and velo- 
city, the weight is found by dividing the momentum by the velocity, 
and the velocity is found by dividing the momentum by the weight.] 

(5.) The momentum is expressed by 12, the weight by 2 ; what is 
the velocity ? 

(6.) The momentum 9, velocity 9, what is the weight." 

(7.) Momentum 36, weight 6, required the velocity. 

(8.) A body with a momentum of 12, strikes another with a momen- 
tum of 6 ; what will be the consequence ? 

[N.B. When two dodies, in opposite directions^ come into coUision^ 
/A^y eae4 lose an equal quantity qf tfteir momentary 
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(9.) A body weighing 15, with a velocity of 12, meets another 
orning in the opposite direction, with a velocity of 20, and a weight 
f 10 ; what will be the effect ? 

(10.) Two bodies meet together in opposite directions. A has a 
elocity of 12, and a weight of 7, B has a momentum expressed by 84. 
Vhat will be the consequence P 

(11.) Suppose the weight of a comet be represented by 1 and its 
elocity by 12, and the weight of the earth be expressed by 100 and 
s velocity by 10, what would be the consequence of a collision, sup- 
osing them to be moving in opposite directions ? 

(12.) If a body with a weight of 75 and a velocity of 4 run against 

man whose weight is 150, and who is standing still, what will be 
le consequence, if the roan uses no other effort than his mere weight ? 

(13.) With what velocity must a 64-pound cannon-ball ily, to be 
jually effective with a battering ram of 12,000 pounds, propelled with 
velocity of 16 feet in a second ? 

152. Attraction — Law of Falling Bodies. — When one 
ody strikes another, it will cause an effect proportional to its 
WB weight and velocity (or, in other words, its momentum) ; 
nd the body which receives the blow will move on with a 
niform velocity (if the blow be sufficient to overcome its in- 
rtia) in the direction of the motion of the blow. But, when 

body moves by the force of a constant attraction, it will 
love with a constantly accelerated motion. 

153. This is especially the case- with falling bodies. The 
arth attracts them with a force sufficient to bring them down 
brongh a certain number of feet during the first second of 
ime. While the body is thus in motion with a velocity, say 
f sixteen feet, the earth still attracts it, and during the seconil 
Bcond it communicates an additional velocity of sixteen feet 
lore, and every successive second of time the attraction of 
lie earth adds to the velocity in a similar proportion, and the 
paces through which the Dody will fall in any number of 
econds will increase as the odd numbers 1, 3, 5, 7, 9, 11, &c. ; 
liat is, the body will fall according to the following law : 

154. A body falling from a height will fall sixteen 
set in the first second of time^* three times that dis- 
ance in the second, five times in the third, seven in 
he fourth, its velocity increasing during every suc- 

• This is only an approximation to the truth ; it actuaUv ^a\\« i\t\.^«tv \^^V 
fid one inch aurin^r the Arst aecond, three time» that dUlance \tv \\\^ iftc^vi^, 
c. The queBtions proposed to be aolved assume sixteeu feet oii\^. 
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cessive second, as the odd numbers 1^ 3, 5^ 7^ 9^ 11, 
J3,&c* 

155. The height of a building, or the depth of a well, may 
thus be estimated very nearly, by observing the length of time 
which a stone takes in falling from the top to the bottom. 

156. Exercises, 

(\.) If a ball, dropped from the top of a steeple, reaches the gpround 
in 5 seconds, how high is that steeple ? 

(2.) 16+48-1-80+112-1-144=300 feet; or, 5x5=25, square of 
the number of seconds, multiplied by the number of feet it falls 
through in one second, namely, 16 feet j that is, 25 x 16=400 feet. 

(2.) Suppose a ball, dropped from the spire of a cathedral, reach 
the ground in 9 seconds, how high is that spire ? 

16-1-48-^80 -1-112+144-1-176-1-208-1-240-^272=1296 feet. 

Or, squaring the time in seconds, 9'^=81, multiplied by 16=1296. 

[It will hereafter be shown, that this law of falling bodies applies 
to all bodies, whether falling perpendicularly or obliquely. Thus, 
whether a stone be thrown from the top of a building horizontally or 
dropped perpendicularly downwards, in both cases the stone will reach 
the ground in the same time ; and this rule applies equally to a ball 
projected from a cannon, and to a stone thrown from the hand.] 

(3.) If a ball projected from a cannon from the top of a pyramid, 
reach the ground in 4 seconds, how high is the pyramid ? 

* The entire spaces through which a body will have fallen in any given num- 
ber of seconds inere<ue cu the squares of the times. This law was discovered 
by Galileo, and may thus be explained. If a body fall sixteen feet in one 
second, in two seconds it will have fallen four times as far, in three seconds 
nine times as far, in four seconds sixteen times as far, in the fifth second, 
twenty-five times, &c., in the sixth thirty-six times, &c. 

AHALYBI8 OF THR MOTTOK OF A FALLTXO BOIiT. 

Number of Seconds. 

1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

From this statement it appears that the spaces passed throug^h by a fallini; 
body, in any number of seconds, increase as the odd numbers, 1,3, 5 7, 9, ll, 
&c. ; the velocity incireases as the even numbers 2, 4, 6, 8, 10, 12, &c. ; and the 
total spaces nassed throug^h in any given number of seconds increase aa 
///e squaren of the numbers indicating the &ecoad%^— ll\u&^ l« 4« 9, 16, 25, 36, &c. 
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Velocities. 


Total Space. 
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25 
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12 


36 


13 


14 


49 


15 


16 


64 


17 


18 


81 


19 


20 


100 ^ 
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(4.) How deep is a well, into which a stone being dropped, it reaches 
the water 6 feet from the bottom of the well in 2 seconds ? 

(5.) The light of a meteor bursting in the air is seen, and in 45 
seconds a meteoric stone falls to the ground. Supposing the stone 
to have proceeded from the explosion of the meteor perpendicularly, 
how far from the earth, in feet, was the meteor ? 45'^ x 16=32,400 feet. 

(6.) What is the difference in the depth of two wells, into one of which 
a stone being dropped, is heard to strike the water in 5 seconds, and 
into the other in 9 seconds, supposing that the water be of equal depth 
in both, and making no allowance for the progressive motion of sound ? 

(7.) A hoy raised his kite in the night, with a lantern attached to 
it. Unfortunately the string which attached the lantern, broke, and 
the lantern fell to the ground in six seconds. How high was the 
kite ? 

157. Bbtabdbd Motion of Bodies Pkojected Upwards. 
— All the circumstances attending the accelerated descent 
of falling bodies are exhibited when a body is projected \ip- 
wardsy but in a reversed order. 

168. To determine the height to which a body 
projected upwards will rise, with a given velocity, 
it is only necessary to determine the heiglit from 
which a body would fall to acquire the same velocity. 

169. Thus, if it be required to ascertain how high a body 
would rise when projected upwards with a force sufficient to 
carry it 144 feet m the first second of time, we reverse the 
series of numbers 16 4-^ +80+ 112 -[-144, and, reading them 
backward, 144+112+80+48+16, we find their sum to be 400 
feet, and the time employed would be 5 seconds. 

160. The time employed in the ascent and descent 

of a body projected upwards will, therefore, always 

be equal. 

Exercises, 

(1.) Sappose a cannon-ball, projected perpendicularly upwards, re- 
turned to the ground in 18 seconds; how high did it ascend, and 
what is the force of projection ? 

(2.^ How high will a stone rise which a man throws upward with a 
force sufficient to carry it 48 feet during the first second of time ? 

(3.) Suppose a rocket to ascend with a velocity sufficient to carry it 
176 feet during the first second of time ; how high will it ascend, and 
what time will it occupy in its ascent and descent ? 

(4.) A musket-ball is thrown upwards until *\t Teac\\<i% V\kt\\^\^gcv\ vA 
400 feet How long a time, in seconds, 'witt it occw^^ 'm '\V^ ^&<i.^xj>X 
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and descent, and with what rapidity does it ascend in the first second 
of time ? 

(5.) A sportsman shoots a bird flying in the air, and the bird is 
3 seconds in falling to the ground. How high up was the bird when 
he was shot, and with what rapidity does the shot proceed in the first 
second of time ? 

(6.) How long time, in seconds, would it take a ball io reach an 
object 5000 feet above the surface of the earth, provided that the ball 
be projected with a force sufiident only to reach the object ? 

161. Compound Motion. — Motion may be pro- 
duced either by a single force^or by the operation of 
two or more forces. 

162. Simple Motion is the motion of a body im- 
pelled by a single force^ and is always in a straight 
line in the same direction with the force that acts. 

163. Compound Motion is caused by the operation 
of two or more forces at the same time. 

164. When a body is struck by two equal forces 
in opposite directions^ it will remain at rest. 

165. If the forces be unequal, they will both move with 
diminished force in the direction of the greater force. Thus, 
if a body with a momentum of 9 be opposed by another body 
with a momentum of 6, both will move with a momentum of 
3 in the direction of the greater force. 

166. A body, struck by two forces in different 
directions, will move in a line between them, in the 
direction of the diagonal of a parallelogram, having 
for its sides the lines through which the body would 
pass if urged by each of the forces separately. 

167. When the forces are equal and at right angles 
to each other, the body will move in the diagonal of 
a square, 

168. Let Fig. 8 represent a ball stmck 
by the two equal forces X and Y. In this 
^~^ figure the forces are inclined to each other 
at an an^le of 90^*, or a right angle. Sup- 
pose that the force X would send it from C 
to B, and the force X itoov G to D. As it 
cannot obey botb, it nnVHX ^o \ifcV«^^XL>CQa\a. 
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Fig, 9. 




to A, and the line C A, through which it passes, is the dia- 
gonal of the square, A B C D. This line also represents 
the resultant of the two forces. 

The time occupied in its passage from C to A will he the 
same as the force X would require to send it to B, or the 
force Y to send it to D. 

169. If two unequal forces act at right angles to 
each other on a body^ the body will move in the direc- 
tion of the diagonal of a rectangle. 

170. Illustration.--'ln F\g. 9 the ballC 
is represented as acted upon by two unequal 
forces, X and Y. The force X would send 
it to B, and the force Y to D. As it cannot 
obey both, it will move in the direction C A, 
the diagonal of the rectangle A B C D. 

171. When two forces act in the direction of an 
acute or an obtuse angle, the body will move in the 
direction of the diagonal of a parallelogram. 

172. Illustration.'— In Fig. 10 the fig- lo. 
ball C is supposed to be influenced by 
two forces, one of which would send it 
to B and the other to D, the forces 
acting in the direction of an acute angle. 
The ball will, therefore, move between 
them in the line C A^ the longer diagonal of the parallel- 
ogram A B C D. 

173. The same figure explains the motion of a ball when 
the two forces act in the direction of an obtuse angle. 

1 74. Illustration. — ^The ball D, under the influence of 
two forces, one of which would send it to C, and the other 
to A, which, it will be observed, is in the direction of an 
obtose angle, will proceed in this case to B, the shorter dia- 
gonal of die parallelogram A B C D. 

[N.B. A parallelogram containing>acute and obtuse angles has two 
diagonals, the one which joins the acute angles beiw^vWV^Ti^^tr^ 
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176. Resultant Motion is the effect or result of 
two motions compounded into one. 

176. If two men be sailing in separate boats, in the same 
direction, and at the same rate, and one toss an apple to 
the other, the apple would appear to pass directly across 
from one to the other, in a line of direction perpendicular 
to the side of each boat. But its real course is through the 
air in the diagonal of a parallelogram, formed by the lines 
representing the course of each boat, and perpendiculars 
drawn to those lines from the spot where each man stands 
as the one tosses and the other catches the apple. In Fig. 1 1 

Fig. 11. the lines A B and C D represent the course 
of each boat, £ the spot where the man 
j^ , ^ F stands who tosses the apple ; while the 

I y| apple is in its passage, the boats have passed 

C ~^~ jj — ^ from E and G to H and F respectively. 
But the apple, having a mbtion, with the 
man, that would carry it from £ to li> and likewise a pro- 
jectile force which would carry it from E to G, cannot obey 
them both, but will pass through the dotted line £ F, which 
is the diagonal of the parallelogram £ G F H. 

177. When a body is acted upon by three or more forces 
at the same time, we may take any two of them alone, and 
ascertain the resultant of those two, and then employ the 
resultant as a new force, in conjunction with the third,* &c. 

178. Circular Motion. — Circular Motion is mo- 
tion around a central point. 

* The resultant of two forces is always described by the third side of a tri- 
wagle, of which the two forces may be represented, in quantity and direction, 
by the other two sides. When three forces act in the direction of the three 
sides of the same triangle, the body will remain at rest. 

When two forces act at ri|^bt angles, the resultant will form the hypothe- 
nuse of a right-angled triangle, either of the sides of which may be round, 
when the two others are given, by tlie common principles of arithmetic or 
geometry. 

From what has now been stated, it will easily be seen that if any number 
of forces whatever act upon a lK>dy. and in any directions whatever, the result- 
ant of them all may easily be found, and this resultant will be their mechan- 
ical equivalent. Thus, suppose a body be acted upon at the same time by six 
forces, represented by the letters. A, B, C, D. B, F. First find the resultant 
of A and B by the law stated in Hq. 160, and call this resultant G. In the 
same manner, find the resultant of G and C, calling it H. Then find the resul- 
ta/U of H and D, ati'l thus continue until each of ihe forces be found, and the 
Jast resuJtaut will be Che luecUuuicul ei^v^WivVeut ut U\« n<\v.o\«. 
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179. Circular motion is caused by the continued 
operation of two forces, by one of which the body is 
projected forward in a straight line, while the other 
is constantly deflecting it towards a fixed point. ^See 
No. 166.] 

180. The whirling of a ball, fastened to a string held hj 
the hand, is an instance of circular motion. The ball is urged 
by two forces, of which one is the force of projection, and the 
other the string which confines it to the hand. The two 
forces act at right angles to each other, and (according to 
No. 166) the ball will move in the diagonal of a parallelogram. 
But, as the force which confines it to the hand only keeps it 
within a certain distance, without drawing it nearer to the 
hand, the motion of the ball will be through the diagonals of 
an indefinite number of minute parallelograms, formed by 
every part of the circumference of^ the circle. 

18 1 . There are three different centres which require 
to be distinctly noticed ; namely, the Centre of Mag- 
nitude, the Centre of Gravity, and the Centre of Mo- 
tion. 

182. The Centre of Magnitude is the central point 
of the bulk of a body. 

183. The Centre of Gravity is the point about 
which all the parts balance eucii other. 

184. The Centre of Motion is the point around 
which all the parts of a body move. 

186. When the body is not of a size nor shape to 
allow every point to revolve in the samie plane, the 
line around which it revolves is called the Axis of 
Motion.* 

186. The centre or the axis of motion is generally 
supposed to be at rest. 

187. Thus the axis of a spinning-top is stationary, while 

every other part is in motion around it. The axis of motion 

* Circles mty have a centre of motion ; s^flieres or globe« Yvwe «tv k(C\% <cA 
ipotiori. Bodies that have only length and breadth may revoWe «itwvci^ \Xv«\x 
own centre or around axis : those that have the three d\meii6voii% ot \civ^v\x^ 
breadi^r, mad Utickness, must revolve around axes. 
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188. The two forces by which circular motion is 
produced are called Central Forces. Their names 
are, the Centripetal Force and the Centrifugal Force.* 

189. The Centripetal Force is that which con6noa 
a body to the centre around which it rsvolves. 

190. The Centrifugal Force is that which impels 
the body to fly off from the centre. 

191. If the centrifugal force of a revolving body 
be destroyed, the body will immediately approach the 
centre which attracts It ; but if the centripetal force 
be destroyed, the body will fly off in the direction of 
a tangent to the curve which it describes in its motion.+ 

192. Thus, when a mop filled with water is turned awiftly 
ronnd by tlie handle, the threads which compose the head will 
fiv off Iroia, the centro -, but, beinK confined to it at one end, 
thej cnnnot part from it ; while the water thej contain, baoj; 
uncoofined, iB thrown off in straight lineB. 

193. The parts of a body which are furthest from 
the centre of motion move with the greatest velocity, 
and the velocity of all the parts diminishes as their 
distance from the axis of motion diminishes. 

ng, 1). 194. Fig. 12 representB the vanea of 

awindmill. The circles denote the patht 
in which the different parts of the vanea 
move. M is the ceotre or axis of mo- 
tion around which all the parts revolve. 
" The outer part revolves in the circle D E 
F G, another part revolves in the circle 
H I J K, and the inner part in the circle 
L N O 1*. Consequently, as they all 

encli olberi otherwiM the revolving bodj will either irhomIi the catR,* 

t i'lie eeotriftwil force ii prouortiuued lo Ihe square of tha velocilr at 1 
mariug body. Hence, a cord >utBciemVv Oim.% lo luild ■ hnvy bodf molv. 
ing- aroond t flied ceolrew lUe taieot fUtv (e«m MHinml,TioiA«. mifiiiclo 
bmeitx iireagih increued foui-fuld, Vi haU i\ie uioe \»U, it \>il lenitt^ 
tlioala be doubled. 
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revolve aronnd M in the same time, the velocity of the 
parts which revolve in the outer circle s as much greater 
than the velocity of the parts which revolve in the inner 
circle, L N O P, as the diameter of the oater circle is 
greater than the diameter of the inner. 

195. As the earth revolves round its azis^ it fol- 
lowSy from the preceding illustration, that the portions 
of the earth which move most rapidly are nearest to 
the equator^ and that the nearer any portion of the 
earth is to the poles^ the slower will be its motion. 

196. Curvilinear motion requires the action of two 
forces ; for the impulse of one single force always pro- 
duces motion in a straight line. 

197. A body revolving rapidly around its longer 

axis^ if suspended freely, will gradually change the 

direction of its motion, and revolve around its shorter 

axis. 

This is due to the centrifugal force, which, impelling the 
parts from the centre of motion, causes the most distant parts 
to revolve in a larger circle. 

198. Projectiles. — Projectiles is a branch of Me- 
chanics which treats of the motion of bodies thrown 
or driven by an impelling force above the surface of 
the earth. 

199. A Projectile is a body thrown into the air, — 
as a rocket, a ball from a gun^ or a stone from the 
hand. 

The force of gravity and the resistance of the air cause 
projectiles to form a curve both in their ascent and descent ; 
and, in descending, their motion is gradually changed from 
an oblique towards a perpendicular direction. 

200. In Fig. 13 the force of projec- ^«P- ^*' 
tion would carry a ball from A to D, 
while gravity would bring it to C. If 
these two forces alone prevailed, the ball 
would proceed in the dotted line toB. 
But, as the resistance of the air operates 
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in direct opposition to the force of projection, instead of 
reaching the ground at B, the ball wQl fall somewhere 
aboat E. 

201, When a body is thrown in a horizontal direction, or 
Fig. 14. upwards or downwards, obliquely, its course 

will be in the direction of a curve-line, 
called h parabola (see Fig. 14) ; but when 
it is thrown perpendicularly upwards or 
downwards, it will move perpendicularly, 
because the force of projection and that of 
gravity are in the same line of direction. 

'202. A ball thrown in a horizontal direction is in- 
fluenced by three forces ; namely^ first, the force of 
projection (which gives it a horizontal direction); 
second^ the resistance of the air through which it 
passes^ which diminishes its velocity, without changing 
its direction ; and third, the force of gravity, which 
finally brings it to the ground. 

203. The force of gravity is neither increased nor 
diminished by the force of projection.* 

204. Fig. 15 represents a cannon, loaded with a ball, and 
Pig. 15. placed on the top of a tower, at 

such a height as to require just 

three seconds for another ball to 

descend perpendicularly. Now , sup- 

^ pose the cannon to be fired in a 

\ Q horizontal direction^ and at the 

^ ^ same instant the other ball to be 

** dropped towards the ground. They 

* The action of gravity being: always the same, the shape of the cnrve <rf 

every projectile depends on the velocity of its motion ; but, whatever this 

velocity be, the moving: body, if thrown horizontally from the same elevation, 

will reach the g^round at the same instant. Thus, a ball from a cannon, with 

a charge sufficient to throw it half a mile, will reach the ground at the same 

instant of time that it would had the charge been sufficient to throw it one, 

two, or six miles, from the same elevation. The distance to which a ball will 

be projected will depend entirely on the force with which it is thrown, or on 

the velocity of its motion. If it moves slowly, the distance will be short ; if 

more rapidlv, the space passed over in the same time will be greater ; but in 

ff^t/f cases the descent of the ball towards l\\e eaTl\\, \u X>\e «akU\e time, will be 

fy^e same num Iter of feet, whether it movea faslOT ft\ov«, ot ^NCsiVte^^vc^iii 

moves forward at All, or not. 
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ill both reach the horizontal line at the baie of the tower 
: the same iostant. In this figure C a repretents the per- 
endicular line of the idling balL C ^ is the cnnriHoear 
ath of the projected ball, 3 the horizontal Hne at the base 
f the tower. During the first second of time, the £dhng 
all reaches 1, the next second 2, and at the end of the third 
3Cond it strikes the ground. Meantime, that projected from 
16 cannon moves forward with such Telocity, as to reach 1 
t the same time that the £dling ball reaches 1 . But the 
rojected ball falls downwards exactly as fast as the o'her, 
ince it meets the line 1 4, which is parallel to the horizon, 
t the same instant. During the next second the ball from 
he cannon reaches 5, whOe the other falls to 2, both having 
n equal descent. During the third second the projected 
all will have spent nearly its whole force, and therefore its 
ownward motion will be greater, while the motion forward 
riU be less than before. 

205. Hence it appears that the horizontal motion does 
at interfere with the action of gravity ^ but that a pro- 
ectile descends toith the same rapidity while moving for- 
lard that it would if it were acted on by gravity alone. 
['his is the necessary result of the action of two forces. 

206. The Random of a projectile is the horizontal dls- 
ince from the place whence it is thrown to the place where 
: strikes. 

207. The greatest random takes place at an angle of 45 
egrees ; that is, when a gun is pointed at this angle with 
lie horizon, the ball is thrown to the greatest 

istance. ^' *** 

Let Fig. 16 represent a gun or a carron* ^ 
de, from which a ball is thrown at an angle 
•f 45 degrees with the horizon. If the ball 
»e thrown at an angle above 45 degrees, the 
andom will be the same as it would be at 
in 



andom will be the same as it would be at y \ 

he same number of degrees below 45 de- ^f ]_ 



rrees. 



• A knowledire of this fact, and calculations pred\cated<mVl,w^^**S.-^ ^Jo^ 
in«er so to direct hi* guoa tut to rmah lb« object o( »Uack -w^ea^ ^^^^ 
Boge ofBliut, 
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208. Centre of Gravity. — It has already been 
stated [seeNos. 92 and 93] that the Centre of Gravity 
of a body is the point around which all the parts ba- 
lance each other. It is^ in other words^ the centre of 
the weight of a body. 

209. The Centre of Magnitude is the central point 
of the bulk of a body. 

210. When a body is of uniform density^ the centre 
of gravity is in the same point with the centre of mag* 
nitude. But when one part of the body is composed 
of heavier materials than another part^ the centre of 
gravity (being the centre of the weight of the body) 
no longer corresponds with the centre of magnitude. 

Thus the centre of gravity of a cylinder plugged with lead 
is not in the same point as the centre of magnitude. 

If a body be composed of different materials, not united in 
chemical combination, the centre of gravity will not correspond 
with the centre of magnitude, unless all the materials nave 
the same specific gravity. 

211. When the centre of gravity of a body is sup- 
ported, the body itself will* be supported ; but when 
the centre of gravity is unsupported, the body will fall. 

212. A line drawn from the centre of gravity, per- 
pendicularly to the horizon, is called the Line of 
Direction. 

213. The line of direction is merely a line indicating the 
path which the centre of gravity would describe, if the Dody 
were permitted to fall freely. 

214. When the line of direction falls within the 
base* of any body, the body will stand ; but when 

' Fig. 17. 

* The base of a body is its lowest side. The base of a /T~ — -v 

body standing on wheels or lers is represented by lines 
drawn from the lowest part or one wheel or leg to the 
lowest part of the other wheel or le^T' 

Thus, in Fi^s. 17 and 18, D E represents the base of the 
wnggon and of the table. 



r~i 
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that line falls outside of the base, the body will fall^ 
or be overset. 

215. (1.) Fig. 18 represeuts a loaded waggon on the de- 
clivity of a hill. Tlie line C F represents mg, is. 
a horizontal line, D E the base of the wag- 
gon. If the waggon be loaded in sach a 
manner that the centre of gravity be at B, 
the perpendicular B D will fall within the 

base, and the waggon will stand. But if C *^i— — t' 

the load be altered, so that the centre of gravity be raised to 
A, the perpendicular A C will faU outside of the base, and 
the waggon will be overset. From this it follows, that a 
waggon, or any carriage, will be most firmly supported when 
the hne of direction of the centre of gravity falls exactly 
between the wheels ; and that is the case on a level road. 
The centre of gravity in the human body is between the 
hips, and the base is the feet. 

216. So loD^ as we stand uprightly, the line of direction 
falls within this base. When we lean on one side, the centre 
of gravity not being supported, we no longer stand firmly. 

217. A rope-dancer performs all his feats of agility by 
dexterously supporting the centre of gravity. For this pur- 
pose, he carries a heavy pole in his hands, which he shifts 
from side to side as he alters his position, in order to throw 
the weight to the side which is deficient ; and thus, in 
changing the situation of the centre of gravity, he keeps the 
line of direction within the base, and he will not fall. 

218. A spherical body n ill roll down a slope, because the 
centre of gravity is not supported. 

219. Bodies, consisting of but one kind of substance, as 
wood, stone, or lead, and whose densities are consequently 
uniform, will stand more firmly than bodies composed of a 
variety of substances, of different densities, because the centre 
of gravi^ in such cases more nearly corresponds with the 
centre of magnitude. 

220. When a body is composed of different materials, it 
will stand most firmly when the parts whose specific gravity 
is the greatest are placed nearest to the baae. 

221. The broader the base and tV\e xvewet \X\^ vi^xNr 
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tre of gravity to the ground, the more firmly a body 
will stand. 

222. For this reason, high carriages are more dangerous 
than low ones. 

223. A pyramid also, for the same reason, is the firmest 
of all structures, because it has a broad base, and but little 
elevation. 

224. A cone has also the same stability ; but, mathemati- 
cally considered, a cone is a pyramid with an infinite number 
of sides. 

225. Bodies that have a narrow base are easily overset, 
because, if they are but slightly inclined, the line of direction 
will fall outside of the base, and consequently their centre of 
gravity will not be supported. 

226. A person can carry two pails of water more easily 
than one, because the pails balance each other, and the 
centre of gravity remains supported by the feet. But a 
single pail throws the centre of gravity on one side, and 
renders it more difficult to support the body. 

227. Common Centre of Gravity op two Bodies. — 
When two bodies are connected, they are to be considered 
as forming but one body, and have but one centre of gravity. 
If the two bodies be of equal weight, the centre of gravity 
will be in the middle of the line which unites them ; but, 
if one be heavier than the other, the centre of gravity will 
be as much nearer to the heavier one as the heavier exceeds 
the light one in weight. 

Rir. 19. 228. Fig. 19 represents a bar with an 

equal weight fastened at each end ; the 

w Bf-"^ — H ^ centre of gravity is at A, the middle of the 

bar, and whatever supports this centre will 
support both the bodies and the pole. 



Figr-20. 




229. Fig. 20 represents a bar with an 
unequal weight at each end. The centre 
of gravity is at C, nearer to the larger 
body. 
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230. Fig. 21 represents a bar with *"'«:• 21. 
unequal weights at each end, but the 
larger weight exceeds the less in such f _C ) y 
a degree that the centre of gravity is 
within the larger body at C. 

231. The Mechanical Powers. — There are five 
things in mechanics which require a distinct con- 
sideration, namely : 

First, the power that acts. 

Secondly^ the resistance which is to be overcome by 
the power. 

Thirdly^ the centre of motion, or, as it is some- 
times called, the fulcrum.* 

Fourthly^ the respective velocities of the power and 
the resistance ; and, 

Fifthly^ the instruments employed in the con- 
struction of the machine. 

232. (1.) The power that acts is the muscular strength 
of men or animals, the weight and momentum of solid 
bodies, the elastic force of steam, springs, the pressure of the 
air. the weight of water, and its force when in motion. &c. 

(2.) The resistance to be overcome is the attraction of 
gravity or of cohesion, the inertness of nmtter, friction, &c. 

(3.) The centre of motion, or the fulcrum, is the point 
about which all the parts of the body move. 

(4.) The velocity is the rapidity with which an effect is 
produced. 

(5.) l^e instruments are the mechanical powers which 
enter into the construction of the machine. 

233. The powers which ienter into the construction 
of a machine are called the Mechanical Powers. 
They are contrivances designed to increase or to di- 
minish force, or to alter its direction. 

234. All the Mechanical Powers are constructed 
on the principle that what is gained in power is hst 
in time, Tliis is the fundamental law o< 1<\ec^^x\vvi.%» 

* The nordJhUrum meuit a proi*, or luppott. 
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235. If we wish a small force to overcome a ffreat resist- 
ance, the small force must move over two feet m the same 
time that the resistance takes to move over one. Henc« the 
resistance will move only half as fast as the power ; or, in 
other words, the resistance requires double the time required 
by the power to move over a given space. 

236. Fig. 22 illustrates the principle as applied to the 
Fig. M. lever. W represents the weight, F the 

fulcrum, P the power, and the bar 
W F P the lever. To raise the weight 
W to w, the power P must descend to 
p. But as the radius of the circle m 
which the power P moves is double 
that of the radius of the circle in which 
the weight W moves, the arc F p is 
double the arc W to; or, in other 
words, the distance F pis double the distance of W ta. Now, 
as these distances are traversed in the same time by the 
power and the weight respectively, it follows that the velo- 
city of the power must be double the velocity of the weight; 
that is, the power must move at the rate of two feet in a 
second, in order to move the weight one foot in the same 
time. 

This principle applies not only to the lever, but to all the 
Mechanical Powers, and to all the machines constructed 
on mechanical principles. 

237. There are six Mechanical Powers: the Lever, 
the Wheel and Axle, the Pulley, the Inclined Plane, 
the Wedge and the Screw. 

All instruments and machines are constructed on the principle of 
one or more of the Mechanical Powers. 

All the Mechanical Powers may be reduced to three classes, namely: 
1st, a body revolving on an axis ; 2nd, a flexible cord ; and, 3rd, an 
inclined surface, smooth and hard. To the first belongs the lever, 
and the wheel and axle ; to the second, tlie pulley ; to the third, the 
inclined plane, the wedge and the screw. 

238. The Lever is an inflexible bar, movable on a 
fulcrum or prop. 

It 18 used by making one pari to xeat oxi «i. ^xslcram., a^ply- 
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ing the power to bear on another part, while a third part of 
the lever opposes its motion to the resistance which is to be 
overcome. 

239. In every lever, therefore, whatever be its form, there 
are three things to be distinctly considered, namely : the po- 
sition of the fulcrum, of the power, and of the weight, rc- 
spectiyelv. It is the position of these which makes the din- 
tmction between the different kinds of levers. 

240. There are three kinds of levers^ called the 
first, second^ and third, according to the respective 
position of the fulcrum^ the power^ and the weight. 

These may be represented thus : 

Power, Fulcrum, "Weight. 

Power, Weight, Fulcrum. 

Weight, Power, Fulcrum. 

That is, (1.) The Power* is at one end, the weight at 

the other, and the fulcrum between them. 

(2.) Power at one end, the fulcrum at the other, and the 
weight between them. 

(3.) The weight is at one end, the fulcrum at the other, 
and the power between them. 

241. In a lever of the first kind the fulcrum is placed 
between the power and the weight. 

Fig. 23 represents a lever of the first kind, resting on the 
fulcrum F, and movable upon it. ^ ir,^^'^' 

W is the weight to be moved, and g< 
P is the power which moves it. The 
advantage gained in raising a weighty 
bg the use of this kind of lever, is in 
proportion as the distance of the power from the fulcrum ex^ 
ceeds that of the weight from the fulcrum. Thus, in this 
figure, if the distance between P and F be double that be- 
tween W and F, then a man, by the exertion of a force of 

* It is to be understood, in the consideration of all instruments snd ma- 
cliines, that some effect is to be produced by some power. The names poicer 
and weight are not always to be taken literally. Tliey are terms used to ex- 
press the cause and the eflfect. Thus, in the movement of a clock, the weight 
u the cause, the movement of the hands is the eflTect. ITie cause of motion, 
whether it be a weight or a resistance, is technically called the power ; t!tA 
effect, whether it be the raising of a weight, the oveTco\T\\Tvs ot T<&%\%\a.w^<t w 
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100 pounds with the lever, can move a weight of 200 
pounds. From this it follows, that the nearer the power is 
aitplied to the end of the lever, the greater w the advantage 
gained. Thus, a greater weight can be moved by the same 
power when applied at B than when it is exerted at P. 

242. The common steelyard, an instrument for weighing 
articles, is constructed on the principle of the lever of tlie 
tirst kind. It consists of a rod or a bar, marked with 
notches to designate the pounds and ounces, and a weight, 
which is movable along the notches. The bar is furnished 
with three hooks, on the longest of which the article to he 
weighed is always to be hung. The other two hooks sene 
for the handle of the instrument when in use. The pivot 
of each of these two hooks serves for the fulcrum. 

243. When suspend- 
ed bv the hook C, as in 
Fig. 24, it is manifest 
that a pound weight at 
£ will balance as many 
pounds at W as the 
distance between the 
pivot of D and the pivot 
of C is contained in the 
space between the pivot 
of C and the ring 



Fiir. a*- 



A 





~^ 



from which E is suspended. 
The same instrument may be used 

Fig:. 35. 




to weigh heavy articles 
by using the middle 
hook for a handle, 
where, as will be seen 
in Fig. 25, the space 
between the pivot of 
F (which in this case 
is the fulcrum) and the 
pivot of D (from which 
the weight is suspend- 
ed) being lessened, is 
cot\V«Lm^^ «L ^^B*er 
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the distance between the fulcrum and the notches on the 
bar. The steelyard is furnished with two sets of notche« 
on opposite sides of the bar. An equilibrium* will alwjiys 
be produced when the product of the weights on the oppo- 
site sides of the fulcrum into their respective distances 
from it are equal to one another. 

A balance, or pair of scales, is a lever of the first kind 
with equal arms. Steelyards, scissors, pincers, snuffers, and 
a poker used for stirring the fire, are all levers of the first 
kind. The longer the handles of scissors, pincers, &c., and 
the shorts the points, the more easily are they used. 

244. The lever is made in a great variety of forms and of 
many different materials, and is much used in almost every 
kind of mechanical operation. Sometimes it is detached from 
the fxilcrum, but most generally the fulcrum is a pin or rivet 
bj which the lever is permanently connected with the frame- 
work of other parts of the machinery. 

245. When two weights are eqnal, and the fulcrum is 
placed exactly in the centre of the lever between them, they 
will mutually balance each other; or, in other words, the 
centre of gravity being supported, neither of the weights will 
sink. Tli£ is the principle of the common scale for weighing, 

246. To gain power by the use of the lever, the 
fulcrum must be placed near the weight to be moved, 
and the power at the greater distance from it. The 
force of the lever ^ therefore^ depends on its lengthy to- 
gether with the power applied^ and the distance of the 
weight from the fulcrum.f 

* Of BquiUbfium.— In the calcalationt of the powers of all machines it in 
neceasary to have clearly in mind the difference between action and equili- 
brium. 

By eqailibrium is meant an equality of forces ; as, when one fbrce is op- 
posed by another force, if their respective momeuta are equal, an equilibriura 
IS produced, and the forces merely counterbalance each other. To produc<f 
any action, there must be inequality in the condition of one of the forcc«. 
Thus. a*power of one pound on the loneer arm of a lever will balance a weig^ltt 
of two pounds on the shorter arm, if the distance of the power from the ntl- 
cnim be exactly double the distance of the weig^ht from the fulcrum ; and the 
reason why they exactly balance is, because their momenta are equal. No 
motion can be produced or destroyed without a difference between the force 
and the resistance. In calculatlnsr the mechanical advantage of any macliim>, 
Uierefore. the condition of equilibrium must first be duly considt^red. Afti;r 
an equilibrium is produced^ whatever is added upon l\\e otv« i\^% oit \»^«-xv 
away on the other destroy b the eqailibrium, and causes t\\e Tcvwi\ivu%XQ\tvw«. 

t TbiB being the case, it is evident that the shape o( t\\e\^vw n«\\\ wo\.\\\^m^- 
eace its power, whetUer it be straight or heat, TViC direct dlstcuice \iti.VK<t«ti 
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247. A Compound Lever, represented in Fig. 26, consists 
Y^g^ 35, of several levers, so ar- 

P^ D C ranged that the shorter 

^ arm of one may act on 

PI the longer arm of the 

other. Great power is 

obtained in this way, but 

its exercise is limited to a very small space. 

248. In a lever of the second kind, the fulcrum is at one 
end, the power at the other, and the weight between them. 

(1.) Let Fig. 27 represent a lever of the second kind. 

Fig. 27. F is the fulcrum, P the power, and W the 

weight. The advantage gained by a lever of 

this kind is in proportion as the distance of 

the power from the fulcrum exceeds that of 

the weight from the fulcrum. Thus, in thb 

figure, if the distance from P to F is four 

times the distance from W to F, then a power of one pound 

at P will balance a weight of four pounds at W. 

(2.) On the principle of this kind of lever, two persons, 
carrying a heavy burden suspended on a bar, may be made to 
bear unequal portions of it, by placing it nearer to the one 
than the other. 

249. Two horses, also, may be made to draw unequal por- 
tions of a load, by dividing the bar attached to the carriage in 
such a manner that the weaker horse may draw upon the 
loTifjer end of it. 

250. Oars, rudders of ships, doors turning on hinges, and 

cut t ino[-k nives which are 

^ fixed at one end, are 
constructed upon the 
principle of levers of the 
secona kind.* 

25 L In a lever of the third kind the fulcrum is at one 

tbe Ailcram and the weight, compared with the tame distance between the 
fulcrniQ and the power, being the only measure of the mechanical advantage 
which it affords. 

* It is on Uie same principle that, in raising a window, the hand should be 
applied to the middle of the sash, as it will then be easily raised ; whereas, if 
the hand be applied nearer to one side than the other, the centre of gravity 
Ire/ag- aoBupported, will pavfe t|)^ fi^rtbqr ude to \t^«pr fL£«i>vti%t the frame, and , 
oOitntct i$a free motion. 



Fig. 28. 
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id, the weight at the other, and the power is applied he- 
veen them. 

In levers of this kind the power must always exceed the 
eight in the same proportion as the distance of the weight 
•om the fulcrum exceeds that of the power from the fulcrum. 

In Fig. 29 F is the fulcrum, W the Fig. 29. 

eight, and P the power between the ful- 
Tim and the weight ; and the power must F 
cceed the weight in the same proportion 
lat the distance between W and F exceeds 
le distance between P and F. 

252. A ladder, which is to be raised by the strength of a 
an's arms, represents a lever of tills kind, where the fulcrum 
that end which is fixed against the wall ; the weight may be 

msidered as at the top part of the ladder, and the power is 
le strength applied in raising it. 

253. The bones of a man's arm, and most of the movable 
mes of animals, are levers of the third kind. But the loss 
' power in limbs of animals is compensated by the beauty 
\a compactness of the limbs, as well as the increased velo- 
ty of their motion. The wjieels in clock and watch work, 
id in various kinds of machinery, may be considered as 
vers of this kind, when the power that moves them acts on 
le pinion, near the centre of motion, and the resistance to bo 
'ercome acts on the teeth at the circumference. But here 
.e advantage gained is the change of slow into rapid motion. 

254. Exercises. 

(1.) Suppose a lever, 6 feet in length, to be applied to raise a weight 
50 pounds, with a power of only 1 pouud ; where mast the fulcrum 
placed ? 

(2.) If a man wishes to move a stone weighing a ton with a crow« 
r 6 feet in length, he himself Yieing ahle, with his natural strength, 
move a weight of 100 pounds only, what must be the greatest dis- 
ace of the fulcrum from the stone ? 

(3.) If the distance of the power from the fulcrum be eighteen 
aes greater than the distance of the weigl^t from the fulcrum, what 
wer would be required to lift a weight of 1000 pounds ? 
(4.) If the distance of tiie weight from the fulcrum be only a tenth 
the distance of the power from the fulcrum, what weight can be 
sed by a power of 170 pounds? 
(5.) In a pair of §teelyard8 the dis^aijc^ llftW^n \r\\t )RWi!^ Wi'wVxfJcv 
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the weight is hnnp: and the hook hy which the instrument is suspended 
Id 2 inches ; the ienirtn of the steelyards is 30 inches. How great a 
weight may he suspended on the hook to halance a weight of 2 pounds 
at the extremity of the longer arm ? 

(6.) Archimedes hoasted that, if he could have a place to stand 
up m, he cnnld move the whole earth. Now, suppose that he had s 
fulcrum with a lever a million of miles long, and that his weight, 
compared with that of the earth, was as 1 to 270 millions. SupposCi 
also, that the fulcrum were a thousand miles from the earth, and he 
was at the extreme end of the lever. Would he be able to move the 
earth, under these conditions ? 

(7.) Which will cut the more easily, a pair of scissors 9 inches long, 
with the rivet 5 inches from the points, or a pair of scissors 6 inches 
long, with a rivet 4 inches from the points? 

(8.) Two persons, of unequal strength, carry a weight of 200 ponndi 
suspended from a pole 1 feet long. One of them can carry onl\' 75 
])ounds, the other must carry the rest of the weight. Hew far from 
the end of the pole must the weight be suspended ? 

(9.) How must the whiffle-tree* of a carriaee he attached, that one 
horse may draw hut 3 cwt. of the load, while the other draws 5 cwt. f 

(\0.) On the end of a steelyard, 3 feet long, hangs a weight of 4 
poimds. Suppose the hook, to which articles to be weighed are at- 
tached, to be at the extremity of the other end, at the distance of 4 
inches from the hook by which the steelyards are held up. How great 
a weight can be estimated by the steelyard ? 

255. The Whef.l and Axle. — The Wheel and 
Axle consists of a cylinder with a wheel attached, 
bt)th revolving around the same axis of motion. 

256. Tlie weight is supported by a rope or chain wound 
ttround the cylinder ; the power is applied to another roi)e 
or chain wound around the circumference of the cylinder. 
Sometimes projecting spokes from the wheel supply the 
place of the chain.-f 

257. The place of the cylinder is sometimes supplied by a 

small wheel. 

258. The wheel and axle, though made in many forms, 

* The whiffle-tree is gener-ally attached to a carriage by a hook or leathfr 
band in the eentrcy so that the draft shall be equal on both sides. The hook or 
leather band thus becomes a fulcrum. 

t A cy Under is a ]onor circular body of uniform diameter, with extremities 
fonuittK equal and parallel circlet. 
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will easily be understood by inspecting Figs. 30 and 31. Id 
Fig. 30, P represents the larger Fig. so. 

wheel, where the power is applied ; 
C the smaller wheel, or cylinder, 
which is the axle; and W the 
weight to be raised. The advan- 
tage gained is in proportion as the 
circumference of the wheel is greater 
than that of the axle. That is, if 
the circumference of the wheel be 
six times the circumference of the 
axle, then a power of one pound 

a]>p]ied at the wheel will balance a power of six pounds on 
the axle. 

259. Sometimes the axle is con- 
structed with a winch or handle, 
as in Fig. 31, and sometimes the 
wheel has projecting spokes, as in 
Fig. 30. 

260. The principle \ipon which 
the wheel and axle is constructed 
is the same with that of the other 
Mechanical Powers, the want of power being compensated 
by velocity. It is evident (from the Figs. 30 and 3 1 ) that 
the velocity of the circumference of the wheel is as much 
greater than that of the axle as it is further from the centre 
of motion ; for the wheel describes a great circle in the same 
time that the axle describes a small one } therefore the 
power is increased in the same proportion as the circum- 
ference of the wheel is gi'eater than that of the axle. If 
the velocity of the wheel be twelve times greater than that 
of the axle, a power of one pound on the wheel will support 
a weight of twelve pounds on the axle. 

261. The wheel and axle are sometimes called " the perpe- 
tual lever r the diameter of the wheel representinff the longer 
arm, the diameter of the axis representing the shorter arm, 
the fulcrum being at the common centre. 

262. The capstan,* on board of ships aT\d ol\ie^ \fe%>%.^^^ \^ 

• Tlie difference between a cajwtan and a windln&s \\c* ot\\^ \w \.\\% vcifSxXoTv ^1 
the wheel. If the wheel turn Jionzon tally, it is caUed «i c«Lt>&tax^ \ U \tx\AC"8Sv?i% 

M WiudlOBM. 
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constmofced on the principle of the wheel and axle. It con- 
sists of an axle placed uprightly, with a head or drum, pierced 
with holes for the lever, or levers, which supply the place of 
the wheel. 

263. Windmills, lathes, the common windlass used for 
drawing water from wells, and the large wheels in mills, are 
all constructed on the principle of the wheel and axle. 

264. Wheels are a very essential part to most machines. 
They are applied in different wavs, hut, when affixed to the 
axle, their mechanical power is always in the same proportion ; 
that is, as the circumference of the wheel exceeds that of the 
axle, so much will the power be increased. Therefore, the 
larger the wheel, and the smaller the axle, the greater will be 
the power obtained. 

2G5. Cranks. — Cranks are sometimes connected with 

Fi;. S3. ^^^ ^^ ^^ ^ wheel, either to give or tu receive 

- its motion. They are made by bending the 

I T ] axle in such a manner as to form four right 

I angles facing in difiierent directions, as is repre- 

I sented in Fig. 32. They are^ in fact, nothing 

more than a double winch, 

266. A rod connects the crank with other parts of the ma- 
chinery either to communicate motion to or from a wheel. 
When the rod which communicates the motion stands perpen- 
dicular to the crank, which is tilie case twice during eacn revo- 
lution, it is at what is commonly called the dead pointy and the 
crank loses all its power. But when the rod stands obliquely^ 
to the crank, the crank is then effective, and turns, or is 
turned by the wheel. 

267. Cranks are used in the common foot-lathe to turn the 
wheel. They are also common in other machinery, and are 
very convenient for changing rectilinear to circular motion, or 
circular to rectilinear. 

268. When they communicate motion to the wheel they 
operate like the shorter arm of a lever : and on the contrary, 
when they communicate the moi\on from the wheel they act 
like the longer arm. 

269. Fly- Wheels are heavy rims of metal secured by 
light spokes to an axle. They are used to accumulate power 

Mid distribute it eqaally among cU tke i^«xU o( a, maphine, 
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Tiey are caused to revolve by a force applied to the aile, 
nd, wheD oDce aet id motion, continue by tlieir inertia to 
love for a long time. As their motion is Bteady, and with- 
at sudden jerks, they serve to steady the power, and caute 
machine to work with regularity. 

270. Fly-wheels are particularly naeful in connexion with 
ranks, especially when at the dead potntt, as the momeotiim 
f the fly-wheel, received from the cranks when they acted 
rith most advantage, immediately carries the crank out of 
tie neighbourhood of the dead points, and enables it to again 
ct with advantage. 

271. There are two ways in which the wheel and axle is 
apported, namely, first, on pointed pivots projecting into the 
itremities of the axle.* and. secondly, with the eitromities 
f the aile resting on gudgeons. Aa by the former mc>de, a 
jss ezteimve area is subjected to friction, it is in many cases 
a be preferred. 

272, Wateb-Wheels, — There are three kinds of 
^aler-Wheela, colled respectively, the Overshot, the 
Jndershot, and the Breast Whetils. 

273. The Overshot Wheel receives its mol 
r^ght of the water flowing in at the top. 

Fig. 33 represents the Overshot Wheel. 
I wheel turning on an axis (not represented i 
rith compartmentB called buckets, 
bed, &c., at the circumference, 
iphich are successively filled with 
rater fi^)m the stream S. The weight 
>f the water in the buckets cau 
he wheel to turn, and the buckets, 
leing gradually inverted, are emptied 
B they descend. It 'will be seen, from 
a inspection of the figure, that the 
uckets in the descending side of the 
rheel are always filled, or partly filled, 

to. w M*^ "^{^i ^■UbiS," '*^^'i^Trh''e" (n'we"'^ iR ""'*" 

^nninMiona of i UoriioiiUl »rbot tie ailed gwfeeont, m"(l of •n'o'ir^ht,o4 
K atmutin of On uJa nrolTe, utd juroti an eiltm Uu vmWUA «ixiuiif 
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while those in the opposite or ascending part are alwap 
empty until they are again presented to the etreana, Tlui 
kiud of wheel ia the most powerful of all the water-wbedi. 

274. The Underehot Wheel is a wheel which is moved bj 
the motion of the water. It receives its impulse at the 
bottom. 

■^^ **■ Fig. 34 represents the Uo. 

dershot Wheel. Instead i^ 

buckets at the circumference^ 
it is furnished with plune sur- 
faces, called float-boards, a t 
e d, &c., which receive the 
impulse of the water, aod cause 
the wheel to revolve. 

275, The Breast Wheel is a wheel which receives the 
water at about half its own height, or at the level of its own 

„_ .. axis. It is moved both by the 

wpigbt and the motion of the 

Fig. 35 represents a Breast 
■ Wheel. It is furnished either 

with buckets or with float-lraardi 
~ littingthe water-course, receiving 
— the weight of the water with in 

force, while in motion it turni 

with the stream, 

276. In the water-wheels wliich h»VB now been described 
the motion is given to the eirciimference of the larger wheel, 
either by the weight of the water or hy its force when in mo- 

277. All whedls used in machinery are connected with the 
different parts of the machine by other parts, called gaariia. 
Sometimes they are turned by Uie friction of endless banJa, 
or cords, and sometimes bj co^, teeth, or pinions. When 
turned by bands, the motion may he direct or reversed bj 




IbeluBgcat ceuleal diaiaeter, C 



ei •bomitUA TfiM^oB^^iM plua. 
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Fig. 3C. 




Fig. 37. 




attaclung the band with one or two centres of motion respect- 
Wely. 

278. When the wheel is intended to re- 
Tolve in the same direction with the one from 
which it receives its motion, the band is at- 
tached as in Fig. 36 ; bnt when it is to re- 
volve in a contrary direction, it is crossed as 
in Fig. 37. In Fig. 3G the band has but 
one centre of motion ; in Fig. 37 it has two. 

279. Instead of the friction of bands, the 
roufi^h surfaces of the wheels themselves are 
made to communicate their motion. The 
wheels and axles thus rubbing together are sometimes coated 
with rough leather, which, by increasing the friction, prevents 
their slipping over one another without communicating motion. 

280. Fig. 38 represents such a combination of wheels. As 
the wheel a is turned by the weight S, its 
axle presses against the circumference of 
the wheel b, causing it to turn ; and, as it 
turns, its axle rubs against the circumfer- 
ence of the wheel o, which in like manner 
communicates Its motion to d. Now, as 
the circumference of the wheel a is equal 
to six times the circumference of its axle, 
it is evident that when^ the wheel a has 
made one revolution, b will have performed only one-sixth of 
a revolution. The wheel a must therefore turn round six 
times to cause b to turn once. In like manner b must perform 
six revolutions to cause c to turn once, and c must turn as 
many times to cause d to revolve once. Hence it follows that 
while d revolves once on its axis e must revolve six times, b 
thirty-six times, and a two hundred and sixteen times. 

281. If, on the contrary, tlie power be applied at F, the 
conditions will all be reversed, and c will revolve six times, ft 
thirty-six, and a two hundred and sixteen times. Thus it 
appears that we may obtain rapid or slow motion by the same 
combination of wheels. 

282. To obtain rapid motion^ the power must be 
applied to the axle ; to obtain slow motion, the power 
must be applied to the circumference of the wheel. 

283. Wheels are sometimes moved by means of co^^ qy 
ieoth artnoahtinfr one with another, on l\xe cvicxixw^ctviw^^ viS. 
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thewheel and the axle. The cogi on the Hvrfaoe of the wheeli 
are generally called te«th, and totwe on the surface of the wle 
are called leaves. The axle itaelf, when furnished irith learee, 
is called opinion. 
284. Fig. 39 repreaenta a connezioD of <»gf{ed wheels, lia 
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wheel B being mored by 
a Btring around its circnm- 
ference, is a simple wheel, 
vrithout teeth. Its ail«, 
being fumisiied with coffl 
or Uavet, to whidi tns 
teeth of the wheel D i 
fitted, communicatee itt 
motion to D, which, in 
like manner, moves ' 
wheel C. The powet 
and the weight W m 
be attached to the circi 

ference of the wheel or of the axle, according as a rIow o 

rapid motion is desired. 
285. Wheels withteethor cogs are of three kinds, according 





to the position of the teeth. When the teeth are raised per- 
pendicular to the aiis, they are called i^ur wheels, or Bpnr 
gear. When the teeth are parallel with the axis, they »re 
tailed crown wheels. When they are raifled on a surface in- 
clined to the axis, thev are callea bevelled wheels. InFiff- 33 
the ivheels are spur wheels. In Figs. 40 and 41 the whe«le 
are bevelled wheels. 

886. Different directions may be ^ven to the motion pro- 
duced by wheels, by varying the position of their t^es. ai»i 
causing- them (o revolve m different vlatiea, aaiix Fi^40i '*' 
bjr altoring fiiesliape and poaitioa ot tlaecogs.aa'-oiYN^.'fc. 
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287. The power of toothed wheels may he estimated hy 
fiubstitutiog the number of teeth in the wheel and the 
number of leaves in the pinion for the diameter of the cir- 
cumference of the wheel and axle respectively. 

288. Suspension of Action. — In the arrangement of 
machinery, it is often necessary to cut off the action of the 
moving power from some parts, while the rest continues in 
motion. This is done by causing a toothed wheel to slide 
aside in the direction of its axis to and from the cogs or leaves 
into which it articulates, or, when the motion is communicated 
by a band, by causing the band to slip aside from the wheel 
to another wneel, which revolves freely aroimd the axle, with- 
out communicating its motion. 

289. Wheels are used on vehicles to diminish the friction 
of the road. The larger the circumference of the wheel, the 
more readily it will overcome obstacles, such as stones or in- 
equalities in the surface of the road. 

290. A large wheel is also attended with two additional 
advanti^es ; namely, first, in passing over holes, ruts, and 
excavations, a large wheel sinks less than a small one, and 
consequently causes less jolting and expenditure of power ; 
and, secondly, the wear of large wheels is less than that of 
small ones, tor, if we suppose a wheel six feet in diameter, 
it will turn round but once, while a wheel three feet in din- 
meter will turn round twice, its tire will come twice as often 
to the ground, and its spokes will twice as often have to bear 
the weight of the load. 

291. But wheels must be limited in size by two consider- 
ations : first, the strength of the materials ; and secondly, 
the centre of the wheel should never be higher than the breast 
of the horse, or other animal by which the vehicle is drawn ; 
for otherwise the animal would liave to draw obliquely down- 
ward, as well as forward, and thus expend part of his strength 
in drawing against the ground.* 

* Id descending t eteep hill, the wheels of a carriage are often loclted (as 
it is called), that i^ fastened in snch a manner as to prevent their turning ; and 
dns tlie rolling is converted into the sliding friction, and the vehicle descends 
bWW sssety a 

CMton are yoA on the legs of tables and other articleft of fuTtiKtw^x \a ^«£\- 
Htate the movuig of ibcm ; and thus the sliding is couveried \xv\.o \Va tcA\\w^ 
frioSoB. 
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292. Practical Examples of Powek applied to the Wheel 

AND Axle. 

Exercises, 

(1.) With a wheel 5 feet in diameter and a power of 6 pounds, what 
most he the diameter of the axle to support 3 cwt. P 

(2.) How large must he the diameter of the wheel to support with 
10 lbs, a weight of 5 cwt. on an axle 9 inches in diameter ? 

(3.; A wheel has a diameter of 4 feet, an axle of 6 inches. Whsl 
power must be applied to the wheel to balance 2 cwt. on tbe axle ? 

(4.) There is a connexion of cogged wheels having 6 leaves on the 
pinion and 36 cogs on the wheel. What is the proportion of the power 
to the weight in equilibrium ? 

(5 ) Suppose a lever of 6 feet inserted in a capstan 2 feet in dia- 
meter, and six men whose united strength is represented by htlf of 
a ton at the capstan ; how heavy an anchor can they draw up, allow- 
ing the loss of one-third of their power from friction ? 

(6.) What must be the proportion of the axle to the wheel, to sus- 
tain a weight of 30 cwt. with a power of 3 cwt. ? 

(7.) The weight is to the power in the proportion of six to one* 
What must be the proportion of the wheel to the axle ? 

(8.) The power is represented by 10, the axle liy 2. How can yoa 
represent the wheel and axle ? 

(9.) The weight is expressed by 15, the power by 3. What will 
represent the wheel and axle ? 

(10.) The axle is represented by 16, the power by 4. Required the 
proportion of the wheel and axle. 

(11.) "What is the weight of an anchor requiring 6 men to weigh 
it, by means of a capstan 2 feet in diameter, with a lever 8 feet long, 
2 feet of its leugth being inserted in the capstan ; supposing the power 
of each man to be represented by 2 cwt., and a loss of one-third of 
the power from friction ? 

(12.) A stone weighing 2 tons is to be raised by a windlass with 
spokes 2 feet in length, projecting from an axle 9 inches in diameter. 
How many men must be employed, supposing each man's power eqosl 
to 2 cwt., including tlie loss by friotion ? 

293. Thk Pulley,— The Pulley is a small wheel 
taming on an axis, with a string or rope in a groove 
running around it. 

There are two kinds of pulleys — the fixed and the 
movable. The fixed pulley is a pulley that has no 
other motion than a revolution on its axis, and i( i^ 
used only for chaqging the direction of motion, 
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Yig. 42 represents a fixed pulley. P is a small 
taming on its axis, with a string running Fls. 41 
it in a groove. W is a weight to be 

F is the force or power applied. It is 
that, by pulling the string at F, the 

must rise ju>t as much as the string is 
down. As, therefore, the velocity of the 

and the power is precisely the same, it is 
it that they balance each other, and that 
^banical advantage is gained.* But this 
eful for changing the direction of motion. If, for 
3, we wish to raise a weight to the top of a high 
^, it can be done with the assistance of a fixed puUev, 
an standing below. A curtain, or a sail, also, can 
ed by means of a fixed pulley, without ascending 

by drawing down a string running over the pulley. 

The fixed pulley operates on the same principle as 
of the first kind with equal arms, where the fulcrum 
n the centre of gravity, the power and the weight 
ally distant from it, and no mechanical advantage 

The movable pulley differs from the fixed 
by being attached to the wHght ; Fig.^t. 
^fore rises and falls with the weight. 

Fig. 43 represents a movable pulley, 
e weight W attached to it by a hook 

One end of the rope is fastened at F ; 
the power P draws tlie weight upwards, 
ey rises with the weight. Now, in order 

the weight one inch, it is evident that 
les of the string must le shortened ; in 

Bgb the fixed pulley ji^ivei no direct merhanicnl advantage, ft num 
ntageously uae his own strergth by the use of it. Thna, if he teat 
1 a chair suspended from one end of a rone paasingr over a fixed 

may draw bimaelf up l)y the oth*r end or tlie rope by exertinr a 
il only to one-half of bin own weight. One half of his weight is 

by the chair and the other half l»y his bdndu, and the effect is the 
f he drew otity one half of hiwuelf at a time; for, the rope beimr 
cross the nu'ley. two feet of the rope mnst pass throuf;b his haml« 
can Taise himtetf »re foot. In this manneT \a\)0\iTeT% «iv^ QVtv^xt. 

(tefcend ir.tv we/is, and from the upper 11oOT« ol «\OT«&.\yi \CftM:.% 
tesitjgr over a 6xed wheel or pul.ey. 
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order to do which, the power P must pass over two 
inches. As the velocity of the power is doable that oi the 
weight, it follows that a power of one pound will balance 
a weight on the movable pulley of two pounds.* 

298. The power gained by the use of pulleys is 
ascertained by multiplying the number of movable 
pulleys by 2.t 

299. A weight of 72 pounds may be balanced by a power 
of 9 pounds with four pulleys, by a power of 18 pounds with 
two pulleys, or by a power of 36 pounds with one pullev. 
But in each case the space passed over by the power must be 
double the space passed over by the weight, multiplied by 
the number of movable pulleys. That is, to raise the weight 
one foot, with one pulley, the power must pass over two feet, 
with two pulleys four feet, witli four pulleys eight feet. 

300. Fig. 44 represents a system of fixed and movable 
v\g. 44. pulleys. In the block F there are four fixed 

pulleys, and in the block M there are foar 
movable pulleys, all turning on their common 
axis, and rising and falling with the weight W. 
The movable pulleys are connected with the 
fixed ones by a string attached to the hook H, 
passing over the alternate grooves of the pulleys 
in each block, forming eight cords, and termi- 
nating at the power P. Now, to raise the weight 
one foot, it is evident that each of the eight cords 
F must be shortened one foot, and, consequently^ 
that the power P must descend eight times that 

* Thus, it is seen that pulleys act on the same principle with the lever and 
the wheel and axle, the deficiency of the strength of the power being compen- 
sated by superior velocity. Now, as we cannot increase our natural strengtb^ 
but can increase the velocity of motion, it is evident that we are enabled, by 
pulleys, and other mechanical powers, to reduce the resistance or wdj^t of 
any body to the level of our strength. 

t This rule applies only to the movable pulleys in the same block, or when 

the parts of the rope which sustains the weight are parallel to each other. 

The mechanical advanti^e, however, which the pulley seems to possess in 

theory, is considerably diminished in practice by the stiffness of the ropes 

aud the friction of the wheels and blocks. When the parts of the cord, auoi 

are not parallel, the pulley becomes less efficacious ; and when the parts of 

the cord which supports the weight very widely depart from parallelism, tbe 

pulley becomes wholly useless, 'iliere are certain arrangements of the cord 

and the pulley by which the effective power of the pulley may be augmented 

I'n a three- fold inBt&id of a two-fold propottton. liul, v«\\ftu «.wcVv »xL«dvantaKe 

igMcuted. it must be by contriving to make lYie v^>i«w vsA&Q'tQt >^3kx«fo>»s«» 

*Me space of the »f eight. 




THE PULLEY. fi5 

distance. The power, therefore, most pass over eight times 
the distance that the weight moves. 

301. The movable pulley, as well as the fixed, acts on the 
same principle with tne lever, the deficiency of the strength 
of Uie power with the movable pulley being compensated by 
its superior velocity. 

302. The fixed pulley acts on the principle of a lever 
with equal arms. [See No. 295.] The movable pulley, 
on the contrary, by giving a saperior velocity to the power, 
operates like a lever with unequal arms. 

303. Pntdieal use of Pulleys.^J^VillejB are used to raise 
goods into warehouses, and in ships, &e., to draw up the sails. • 
Botii kinds of pulleys are in these oases advantageously ap- 
plied : for the sails are raised up to the masts by the sailors 
on deck by means of the fixed pullers, while the labour is 
facilitated by the mechanical power or the movable ones. 

304. Both fixed and movable pulleys are constructed in a 
great variefy of forms, but the prin ciple on which all kinds 
are constructed is the same. What is generally called a 
tcushle and/kllf or a block and tackle, is nothing more than a 
pulley. Pulleys have likewise lately been atUched to the 
namess of a horse, to enable the driver to govern the animal 
with less exertion of strength. 

305. It may be observed, in relation to the Mechanical 
Powers in general, that power is always gained at the expense 
of time and velocity ; that is, the same power which will 
raise one pound in one minute wUl raise two pounds in two 
minutes, six pounds in six nUnutes, sixty pounds in sixty mi- 
nutes, ^c. : and that the same quantity of force used to raise 
two pounds one foot will raise one pound two feet, ^c. And 
further, it may be stated that the product of the weight 
multiplied by tiie yelodty of the weight will always be eqaal 
to the product of the power multiplied by the velocity of 
the power. 

Hence we have the following rule : The power is 
in the same proportion to the weight as the velocity of 
the weight is to the velocity of the power. ^ 

* The ■tiffnets of the cords and tlie fHction of the blocks frecmentlY Texwvt^ 
large dedoctioii to be made from the effective po^er o( pxi\\«^%. Tc^XtAa 
thos occmmmed wiU Momettmet amount to two-tbirdE ot X\x« \Ky«<«c. 
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306. ExercUes, 

(1.) Suppose a power of 91b8. applied to a set of 3 moTable pul- 
leys. Allowing one-third less for friction, what weight can be soi- 
tained by them ? 

(2.) Six movable ptdleys are attached to a weight of 1800 lbs.; 
\ihat power will support* them, allowing a loss of two-thirds <tf the 
power from friction ? 

(3.) Six men, with a block and tackle containing nine movable 
pulleys, are required to raise a sail. Suppose each man's strength to 
be represented by 2 cwt., and two-thirds of the power lost by frictioii, 
what is the weight of the sail, with its appendages ? 

(4.) If a stone weighing 3 tons is to be raised by horse power to 
the wall of a building in process of erection, by means of a derrick 
from which are suspended 3 movable pulleys, how many horses mast 
be employed, supposing each horse capable of drawing as much as 
eight men, each of whom can lift 2 cwt., making an allowance of two- 
thirds for friction ? 

(5.) A block contains 5 movable pulleys, connected with a beam 
containing 5 fixed pulleys. A weight of half a ton is to be raised. 
Allowing a loss of two-thirds for friction, what power must be applied 
to raise it } 

(6.) The power is 3, the weight is 27 ; how many pulleys must be 
used, if friction requires an allowance of two-thirds ? 

(7.) Friction one-third of the power, power 6, weight 72, — ^how 
many pulleys ? 

(8.) Weight 84, friction nothing, pulleys, 3 fixed, 3 movable ; re- 
quired the power. 

(9.) Power 12, fridlion 8, four pulleys, two of them fixed; required 
the weighty 

(10.) Six movable and six fixed pulleys. The weight is raised 
3 feet. How far has the power moved ? 

(11.) The power has moved 12 feet ; how far has the weight moved 
under two pulleys, one fixed, the other movable ? 

(12.) The weight, suspended from a fixed pulley, has moved 6 feet 
How far has the power moved ? 

(13.) The power has moved 20 feet under a fixed pulley ; how far 
has the weight moved ? 

307. The iNCLiNEt) Planb, — The Inclined Plane 

consists of a hard plain surface, inclined to the 

horizon. 

3(^8. The pnnciple on which the inclined plane acts as a 

mechanical power, is simply the fact that it supports part of 

the weight. If a body be placed on a horizontal plane, ito 

whole weight will be supported ; but, if the plane be elevated 

at one end, by degrees, it will Bupigfort lew oi W^ 's^^l^lvt in 
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Toportion to the elevation, until the piano becomes at ri^^ht 
ngles to the horizon, when it will support no part of the 
weight, and the body will fall perpendictuarlj. 

309. A body, in ascending or descending an inclined piano, 
ill have a greater space to traverse than if it should rise or 
dl perpendicularly. The time, therefore, of its ascent or 
escent will be longer, and thus it will oppose less resistance, 
nd thus, also, a less force will be required to cause its an- 
ent. Hence, we see that the fundamental principle of Mo- 
banics, ** What is gained in power is lost in time" applies 

> the Inclined Plane as well as to the Mechanical Powers 
iat have already been described. 

310. The advantage gained by the use of the in- 
lined plane is in proportion as the length of the plane 
xceeds its perpendicular height. 

Fig. 45 represents an inclined plane. C A its height, 
! B its length, and W a weight which is Fij. 45. 

> be Dioved on it. If the length C B 
e four times the height C A, then a 
ower of one pound at C will balance 

weight of four pounds on the inclined 
lane C B. 

311. The greater the inclination of the plane, the greater 
lust be its perpendicular height, compared with its length ; 
fid, of course, the greater must be the power to elevate a 
eight along its surface. 

312. Instances of the application of the inclined plane are 
wry common. Sloping planks or pieces of timber leading 
ito a cellar, and on which casks are rolled up and down ; a 
lank or board with one end elevated on a step, for the con- 
mience of trundling wheel-barrows, or rolliivg baiTcls into a 
iore, &G., are inclined planes. 

313. Chisels and other cutting instruments, which are 
ian^fered, or sloped only on one side, are constructed on the 
rinciple of the inclined plane. 

314. Roads which are not level may be considered as incli- 
ad planes, and the inclination of the road is estimated by the 
Bignt corresponding to some proposed length. To raise a 
ttd up an inclined plane requires a power sufficient to carry it 
long the whole distance of the length of the ba^e, «ci\^ mctv 
iWi it up to the ehv^tion ; but iu the mcWue^ ^\wi^ ^^ 
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feebler force will accomplisli the desired object, because tlie 
resistance is spread equally over the whole distance. 

316. The Wbdqe. — The Wedge consists of two 
inclined planes united at their bases. 

316. The advantage gained by the wedge is in pro- 
portion as its length exceeds the thickness of the con- 
verging sides. 

It follows that the power of the wedge is in proportion to 
its sharpness. 

317. Fig. 46 represents a wedge. The line a b 
represents the base of each of the inclined planes 
of which it is composed, and at which they are 
united. 

318. The wedge is a very important mechanical power, used 
to split rocks, timber, &c., which could not be effected by any 
other power.* 

319. Axes, hatchets, knives, and all other cutting instm- 
ments, chamfered, or sloped on both sides-, are constructed on 
the principle of the wedge ; also pins, needles, nails, and aU 
piercing instruments. 

820. The effective power of the wedge depends on Action, 
for if there were no friction, the wedge would fly back after 
every stroke. 

321. The wedge derives much of its power from the force 
of percussion, which in its nature is so different from conti- 
nued force, such as the pressure of weights, the force of springs, 
&c., that it would be difficult to subnut it to numerical calcu- 
lation ; and, therefore, we cannot properly represent the pro- 
portion which a blow bears to the weight. 

322. The Screw. — ^The Screw is an inclined plane 

* The wedge is an inttniment of exceedingly efTective power, and i« fk^nently 
need in presses for extracting the iuice of seeds, fruits, &c. It is used especi- 
ally in tne oil mill, by which the oil is extracted from seeds. The seeds are 
E laced in hair bags. l>etween planes of hard wood, which are pressed together 
y wedges. Tlie pressure thos exerted is so intense that the seeds, after the 
extraction of the oil, are converted into masses as hard and compact ai the 
most dense woods. 

Wedges are used also in the launching of vessels, and also for restoring 
buildingB to the perpendicuhiri which have been inclined by the sinking of the 
fouudMtioa. 
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wound around a cylinder^ thus producing a circular 
inclined plane, forming what is called the threads of 
the screw. 

323. Cat a piece of paper in the shape of an inclined plane, 
as representeahy Fig. 45, and, hefrinnin^ with the end repre- 
sented hy the height C A, in that Figure, wind it around a 
pencil, or a round ruler. The edge of the paper will be a 
circular inclined plane, and will represent the tlureads of the 
screw. The distance between any two threads on the same 
side of the rule will represent the perpendicular height of the 
inclined plane that extends once around the cylinder, and the 
advantage gained in the use of the screw (when used without 
a lever) win be the same as in the inclined plane ; namely, 
as the length of the plane exceeds the perpendicular height. 
But the screw is seldom used alone. A lever is generally at- 
tached to the screw, and it is with this attachment the screw 
will now be considered. 

324. The Screw is generally accompanied by an appen- 
dage called the nut, which consists of a concave cylinder or 
block, with a hollow spiral cavity cut so as to correspond ex- 
actly with the threads of the screw. When thus fitted to- 
gether, the screw and the nut form two inclined planes, the 
one resting on the other. 

325. Sometimes the screw is movable, and the nut is sta- 
tionary ; and sometimes the screw is stationary, and the nut 
b movable. 

326. At every revolution the screw or the nut advances or 
retreats througn a space equal to the distance between the 
threads of the screw. 

327. The power applied to a screw generally describes a 
circle around the screw, perpendicular to the plane in which 
the screw or nut moves. 

328. The advantage gained by the screw is in pro- 
portion as the circumference described by the power 
exceeds the distance between the threads of the 
screw. 

329. The cylinder with its threads is called the Convex 
Screw, and the nut is called the Concave Screw. The lever is 
sometimes attached to the screw, and sometimes to \.\\& xi'^\.« 
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Fig. 48. 



330. Fig. 47 represents a fixed screw S, with a movable 
Fig. 47. nut N, to which is attached the lever L. By 

§ turning the lever in one direction the nut descends, 
^ and by turning it in the opposite direction the 
J] Vr=>^ ^^^ ascends, at every revolution of the lever, 
g through a space equal to the distance between 
Sr8\ ^^^^ threads of the screw ; to accomplish which, 
^ ^— -^ the hand or power applied to the end of the lever 
L will describe a circle around the screw S, of 
which the radius is L S. The power thus passes over a 
space represented by the circumference of this circle, and 
the advantage gained is in the same proportion as the space 
exceeds the distance between each thread of the screw. 

33 1 . Fig 48 represents a movable screw, 
with a nut fixed in a frame, and consequently 
immovable. As the lever L is turned, the 
screw ascends or descends at every revolu- 
tion of the lever through a space equal to 
the distance between the threads of the 
screw, and the advantage gained is in the 
same proportion as iu the case of the mova- 
ble nut in Fig. 47. 

332. It will thus be seen that, although the screw is usually 
considered distinctly as a mechanical power, it is in fact a com- 

Eoiiud power, consisting of two circular inclined planes, moved 
y a lever. 

333. The power of the screw being estimated by the dis- 
tance between the threads, it follows that the closer the tlireads 
are together, the greater will be the power, but the slower will 
be the motion produced ; for, every revolution of the lever 
advances the screw or the nut only through a space as great 
as the distance of the threads from each other. 

334. The screw is applied to presses and engines of all 
Vig'. 49. kinds, where great power is to be applied, with- 
out percussion, through small distances. It is 
used in book-binders* presses, in cider and wine 
presses, in raising buildings. It is also used 
for coining, and for punching square orcinmlar 
holes through thicK plates of metal. When 
used for this purpose, the lever passes through 
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^e head of the screw, and terminates at hoth ends with 
tieavy balls or weights, the momentum of which adds to the 
force of the screw, and invests it with immense power. 

335. Hunter's Scbkw. — The ingenious contrivance known 
by the name of Hunter's Screw consists of two screws of dif- 
ferent threads playing one within the other ; and such will bo 
the effect, that while one is advancing forward the other will 
retreat, -and the resistance will be urged forward through a dis- 
tance equal only to the difference between the threads of the 
two screws. An indefinite increase in the power is thus ob- 
^inedj without diminishing the thread of the screw. 

^36. Practical Examples of the Application of thb Inclined 

Plane and the Screw. 

Exe7'cises, 

(1.) With an inclined plane the power moves 16 feet, the power is 
to the weight as 6 to 24. How far does the weiglit move ? 

(2.) The length of an inclined plane is 5 feet, the proportion of the 
power to the weight is as 2 to 10. What is the height of the plane ? 

(3.) An inclined plane is 4 feet high, a power of 61hs. draws up 30 
lbs. What is the length of the plane ? 

(4.) The length of a plane is 1 2 feet, the height is 3 feet. What 
L8 the proportion of the power to the weight to be raised ? 

(5.) The distance between the threads of a screw is 1 inch, the 
length of the lever is 2 feet. What is the proportion of the power to 
;he resistance ? 

(6.) Which will exert the greater force, a lever 3 feet long with 
the fulcrum 6 inches from one end, or a screw with a distance of 
1 inch between the threads and a lever 1 foot long ? 

(7.) A screw with the threads 2 inches apart, and a lever 6 feet 
long, draws a ship of 200 tons up an inclined plane whose length is to 
the height in the proportion of 1 to ] 6. What power must be ap. 
plied to the lever of the screw ? 

(8.) If a man can lift a weight of 1501bs., how much can he draw 
up an inclined plane whose length is to its height in the proportion 
Df 24 to 3 ? 

(9.) A Hunter's screw has a lever 4 feet long. The distance be- 
tween the threads of the larger screw is 1 inch, between those of 
the smaller J of an inch. How much weight can a man, whose power 
is represented by 1751bs., move with such a screw ? 

(10.) A screw with a lever 2 feet in length, and a distance of | 
of an inch between its threads, acts on the teeth or cogs of a wheel 
whose diameter is to that of the axle as 4 to 1. Fastened to the axle 
is a rope, one end of which is attached to a weight at the bottom of 
an inclined plane, the length of which is to t\\e\ve\^\\\. «aVIv.^ "^^ 
Suppose this weight to require Cfac strength of a man Vi\\o <^«i\\.\A\. *iV^ 
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Ibt. to be tpplied to the lever of the tcnw to more it. What u the 

337. The Kneb Joint, or Toggle Joint.— The 
Tof^le Joint, or Knee Joint, con$iists of two ban 
united by a hinge or ball and socket, wliich being 
urged by a power perpendicular lo the resistance, scu 
with rap idly 'increasing force, until the bars form ■ 
Btraigbt line. 

Tbo togf^le (or knee) joint affords a rei; nsefnl mode ot 
coDTertine velocity into power, the molaon prodaced being 
very nearl; at right anf^lea with the direction of the forcf. 
It aoee not fall atrictlT under the head of either of tlie Me- 
chanical Powers whicu have now been described ; bat the 
same law applies to it, namelj, that the power is to the renat- 
ance inveraely aa the apace of the power ia U> the apaoe of tli« 




by a joint at C. A moving force apjdied 
at C, in the direction C D, acta with great 
and coDBtantly increasing power to seps> 
rate the parts A and B. 

339. The operation of the ttyegle joint 
ia seen in the iron Jointa whion are oaed 
to uphold the tops of chaises. It is also 
used in various kinds of printing-pressai. 
to obtain the greatest power at tbe mo- 
meut of impresaion.* 

S40. MEDii..— The motion of all bo- 
■ dies ia affected bj the substance or ele- 
ment in which they move and t^ whidi 
they are on ail sides surrounded. ITwii 
the bird flies in the air, the fish awima in 
the water. Air, therefore, is the medium in which the fonner 
movea, while water is the medium in which the motion of the 
hitter is made. 

341 . A Medium is the substance, solid or fluid) 
which Bnrrounds a body, aod which the body mnst 
displace as it moves. 
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When tbe fish swimB or the bird flies, each mast foro« 
through the air or the water ; and the element thus 
d must rush into the spot vacated- by the body in its 
I. It has already been stated that the body of the 
>f the bird is propelled in its motion in the one case 
eaction of the air on the wings of the bird, and in the 
f the water on the fins of a fish. The fish moves in 
}er medium, and needs therefore to nresent a less sur- 
the reaction of the water ; while the bird, living in 
ratively rare medium, presents in its wings a much 
(tent of surface to receive the reaction of the air. In 
the fins of a fish, therefore, so much smaller, in pro- 
to its size, than the wings of a bird, nature herself has 
IS that, 

The resistance of a medium is in exact pro- 
1 to its density. 

A. body falling through water will move more slowly 
3 falling in the air, because it meets with more resist- 
m the mertia of the water, on account of the greater 
of the water. 

A Vacuum. — A Vacuum is unoccupied space; 
, a space which contains absolutely nothing. 

From this definition of a vacuum, it appears that it 
)t mean a space which to our eyes appears empty. 
re call an empty bottle is, in fact, full of air, or some 
ivisible fluid. If we sink an empty bottle in water or 
er liquid, neither the water nor any other liquid can 
itU some portion of the air is expelled. A small por- 
water enters the bottle immerseci, and the air issues 
les from the mouth of the bottle. Other portions of 
len enter the bottle, expelling the air in similar man- 
nl the water entirely fills the bottle, and then the air- 

oease to rise. 

From this statement of the meaning of the term " a 
y* it will be seen that if a machine be worked in a 

(or, as it is more commonly expressed in Latin, *' in 
), its motion will be rendered easier, because the parts 
no resistance from a surrounding medium. 

Friction. — Friction is the resistance which 

meet with in rubbing against each othev. 

re ure two kinds of friction, name\^ ,\Xi^ x^vcw^ 
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and the sliding friction. The rolling friction is 
caused by the rolling of a spherical body. 

349. The sliding friction is produced by the slid- 
ing or dragging of one surface over another. 

350. Friction is caused by the unevenness of the surfaces 
which come into contact.* it is diminished in proportion as 
tlie surfaces are smoothed and well polished. The sliding 
friction is oyercome with more difficulty than the rolling. 

351. Friction destroys, but never can generate, motion. 
It is usually computed that friction destroys one-third of the 
power of a machine. In calculating the power of a ma- 
chine, therefore, an allowance of one-third must be made for 
loss by friction. 

352. Oil, grease, black-lead, or powdered soap-stone, is 
used to lessen friction, because they act as a po^sh by filling 
up the cavities of the rubbing surfaces, and thus make them 
slide more easily over each other. 

353. Friction increases : 

(1.) As the weight or pressure is increased. 

(2.) As the extent of the surfaces in contact are increased. 

(3.) As the roughness of the surface is increased. 

354. Friction may be diminished : 

(1.) By lessening the weight of the body in motion. 

(2.) By mechanically reducing the asperities of the shding 
surifaces. 

(3.) By lessening the amount of surface of homogeneous 
bodies in contact with each .other. 

(4.) By converting a sliding into a rolling motion. 

(5.) By applying some suitable unguent. 

355. Friction, although it retards the motion of machines 
and causes a great loss of power, performs important bene- 
fits in full compensation. Were there no friction, all bodies 
on the surface of the earth would be clashing against each 
other. Rivers would dash with unbounded velocity, and 

* All bodies, how well soever they may be polished, haye inequalities in 
their surfaces, which may be perceived by a microscope. When, therefore, 
the surfaces of two bodies come into contact, the prominent parts of the one 
will often fall into the hollow parts of the other, and cause mure or less resist- 
ance to luption* 
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Id see little bat motion and collision. Bat, when- 
)ody acqaires a great velocityy it soon loses ft by 
igainst the surface of the earth. 

^'he friction of water against the surfaces it runs over 
aces the rapid torrent to a gentle stream ; the fury of 
test is lessened by the friction of the air on the face of 
L ; and the yiolence of the ocean is soon subdued b^ 
aon of its own waters. Our garments, also, owe their 
to friction ; and the strength of ropes, cords, sails, 
>us other things, depends on the same cause, for they 
ade of short fibres pressed together by twisting, ana 
sure causes a sufficient degree of friction to prevent 
9 sliding one upon another. Without friction it would 
sible to make a rope of the fibres of hemp, or a sheet 
»rc8 of flax ; neither could the short fibrls of cotton 
r been made into such an infinite variety of forms as 
re receiyed from the hands of ingenious workmen, 
so, has been converted into a thousand textures of 
and luxury, and all these are constituted of fibres 
f friction. 

Regulators OF Motion. — The Pendulum. — 
idulum* consists of a weight or ball suspended 
d^ and made to swing backwards and for- 

The motions of a pendulum are called its 
ns or oscillations^ and they are caused by 

t 

part of a circle through which it moves is 

:8 arc, 

ndnlum wu invented by Galileo, t gnaX astronomer of Florer.ce, 
ming' of the seventeenth century. 

ft pendulom is raised from a perpendicular position, its weight win 
'all. and, in the act of falling, it acquires a degree of motion which 
a beii(ht beyon<i the perpendicular almost as great as that to which 
d. Itit motion being thus spen', gravity again acis upon it to briiigp 
:inal perpendicular position, and it again acquires an impetus in 
:h carries it nearly as high on the oi>posite side. It thus continues 
ckwards and forwards, until the resistance of the air wholly arrests 

understood that gravity affects every part of the length of the pen- 
ball ur flattened weight is attached ?o the lower end of the peiidu- 
centrate the effects of gravity in a single point 
tistruotion of clocks, an apparatus connected with the weight or the 
Mde to act on the pendulum with such a force a« \A «Ck»\A« \\. \a 
lie TtaiitdDce of the idr, aud keep up a coutiTv\xei\ vdoWoxi. 
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359. Tlie vibrations of pendulams of equal lengdi 
are very nearly equal, whether they move through a 
greater or less part of their arcs.* 

360. In Fig. 62 A B represents a pen- 
dulum, D F E C the arc in which it vi- 
brates. If the pendulum be raised to £ 
it will return to F, if it be raised to C it 
will return to D, in nearly the same 
length of time, because that, in propor- 
tion as the arc is more extended, the 

steeper will be its beginnings and endings, and, therefore, 

the more rapidly wUl it fall.f 

361. The time occupied in the vibration of a pen- 
dulum depends upon its length. The longer the 
pendulum, the slower are its vibrations.} 

362. The length of a pendulum which vibrates 
sixty times in a minute (or^ in other words^ which 
vibrates seconds) is about thirty-nine inches. But m 
different parts of the earth this length miist be varied. 

363. A pendulum^ to vibrate seconds at the equa- 
tor, must be shorter than one which vibrates seconds 
at the poIes.§ 

364. A clock is regulated by lengthening or short- 
ening the pendulum. By lengthenmg the pendulum, 
the clock IS made to go slower ; by shortening it, it 
will go faster. 

365. The lengths of pendulums are to each other 
as the square of the time of their vibration. 

366. According to this law, a pendulum, to vibrate once in 

* It has already been stated that a body takes the same time in rising and 
foiling: when projected upwards. Gravity brings the pendulom down, and 
inertia caases it to continue its motion upwards. 

t The length of the arc in which a pendulum oscillates is called its amplitode. 

X The weight of a ball at the end of a pendulum does not affect the duration 
of its oscillations. 

§ The equatorial diameter of the earth exceeds the polar diameter by about 
twenty.8ix miles ; consequently the poles most be nearer to the centre of the 
earth's attraction than the equator, and 
force at the poles than at the equator. ] 
to rJbnte in any given time, maitt yary 
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Dds, must be four timee as long as one that vibrates 
me second ; to vibrate once in uiree seconds, it must 
imes as long ; to vibrate once in fonr seconds, it most 
sn times as long ; once in five seconds, twenty-five 
long, &c. 
Msonds employed in tbe vibrations being 

1, 2. 3, 4, 5, 6, 7, 8. 9, 
h. of the pendulums would be as 

1, 4, 9, 16, 26, 36, 49, 64, 81. 
dulum, therefore, to vibrate once in Jive second*, must 
ightyfeet in length. 

Ls the oscillations of a pendulum are dependent u^n 
on, the instrument becomes useful in ascertainmg 
> of gravity at different distances from the centre of 
u 

!t has already been stated that the centrifugal force at 
tor is greater than in those parts of the earth which 
the poles. As the centrifugal force operates in oppo- 
that of gravity, it foUows that the pendulum must 

affected by it; and this affords aaditional reason 
^ndulum, to vibrate seconds at the equator, must be 
han one at the poles. It has been estimated that, if 
iution of the earth around its axis were seventeen 
iter than it is, the centrifugal force at the equator 
e equal to the force of gravity, and, consequently, 
could a pendulum vibrate, nor would bodies there 
' weight. 
LS every part of a pendulum-rod tends to vibrate in a 

time, it IS necessary that all pendulums should have 

attached to them, which, by its inertia, shall concen- 

attractive force of gravity. 
Pendulums are subject to variation in warm and cold 

on account of the dilatation and contraction of the 
! of which the rod is composed, by heat and cold. For 
Dn, the same pendulum is always longer in summer 
is in winter ; and a clock will, therefore, always be 
n summer than in winter, unless some means are 
i by which the effects of heat and cold on the length 
»enduium can be counteracted. This is sometimes 
in what is called the gridiron pendulum by combining 
ods of steel and brass, and in the mercurial pendulum 
Ming a quantity of quicksilver in a tube near the 
»f the pendulum. 
n order to aocure a continuous motion, to V)ck& -^^^^^r 
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dulom (or, in other words, to keep a clock in motion), it is 
necessary that the pendulum should hang in a proper position. 
A practised ear can easily detect any error in this respect hy 
the irregularity in the ticking, or (as it is called) by its being 
** out of beat** To remedy this fault, it is necessary either to 
incline the clock to the one side or the other, until the 
tickings are synchronous; or, in other words, are made at 
equal intervals of time. It can sometimes be done without 
moving the clock, by slightly bending the upper appendage 
of the pendulum in such a manner that the two teeth, or pro- 
jot^tions, shall properly articulate T^ ith the escapement-wheel. 
(See No, 285.) 

372. Table qf the Lengths of Pendtilvrns to vibrate Seconds in dif- 
ferent Latiludes, 





Inches. 








Inches. 


At the equator, 
Lat. 10" North, 


39. 


At the equator. 


39. 


39.01 


Lat 


.10° 


South, 


39.02 


20 „ 


39.04 




20 




39.04 


30 „ 


39.07 




30 




39.07 


40 „ 


39.10 




40 




30.10 


50 „ 


39.13 




50 




39.13 


60 „ 


39.16 




60 







373. The observations have been extend.nl but little far- 
ther, north or south of the equator. Different observers have 
arrived at different results ; probably on account of their dif- 
ferent positions in relation to the level of the sea in which the 
observations were made. In such a work as this, a table of 
this kind, without pretending to extreme accuracy, is useful, 
as showing that theory has been confirmed by observation. 

374. The moving power of a clock is a weight, which, being 
wound up, makes a constant effort to descend, and is pre- 
vented by a small appendage of the pendulum, furnished with 
two teeth, or projections, wnich the vibrations of the pendulum 
cause alternately to fall between the t^eth of a wheel called 
the escapement-wheel. The escapement- wheel is thus per- 
mitted to turn slowly, one tooth at a time, as the pendulum 
vibrates. If the pendulum with its appendage be removed 
from the clock, the weight will descend very rapidly, causing 
all the wheels to revolve with groat velocity, and the clocK 
becomes useless as a time-piece. 

376. The moving power of a watch* is a spring called tha 

* A watch diflTers from a clock in having^ a vibratins: wheel, instead of a 
pendulnm. This wheel is moved by a itprinir, called the hair-spring. The place 
ol the weight is supplied by another larg^er springy, called the nuUn-^pring. 
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ing, wliicli beini; tightly wound around a renlra! pin, 
ita eluticitj tuAkea a oonstaut effort to loosen. Tbia 

oonununicsteil to a balance -wlieel, acted upon by a 
OS, and baving an eecapement Btmilar to that of tlie 
[f the bair-Bpring, with the tei^speineQl, be removed, 
b-spring, being unrestrained, will cause the wkcek to 
irith greater rapidity, and the watch, also, beoomes 
is a time- piece." 

Th8 Batiskino Ram, — The Battering Rom was 
y engine of great power, used to beat down the 

besieged places. 

Its construction, and the principle on which it was 
maybe understood rit.sj. 

action of Fig. 53, in 
B represents a large 

eavily loaded, with a 
iron. A, resembling 

of a ram, from which 

its name. The beam 

«tely balanced, and 

3d by a rope or chain 

^ng from another 

pported by the frame , 

3. At the extreme 

opes or chains were attached, by which it could be 

pwards through the arc of a circle, like a pendulum. 

ne was sometimes mounted on wbeel?. 

Battering mms were frequently from fifty to a 
feet in length, and, moving with a force com- 
of their weight and velocity, were almost irre- 
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379. The force of a battering ram is estimated by its mo- 1* 
mentom : that is, its weight multiplied by its Telocity. Is 

380. Exercises. 

(1.) Suppose a battering ram weighing 5760 lbs., with a Telodtj of 
11 feet in a second, could penetrate a wail, with what velocity miuta 
cannon-ball, weighing 24 lbs. move to do the same execution } 

5760 X ll=6336(H-24— 2640 feet, or one half of a mile in a seeond. 

(2.) If a battering ram have a momentum of 58,000 and a velocity 
of 8, what is its weight ? 

(3.) If a ram have a weight of 90,000 and a momentum 81,000, 
what is its velocity ? 

(4.) What is the weight of a ram with a velocity of 12 and a mo- 
mentum 60,000 ? 

(5.) Will a cannon-ball of 9 lbs. and a velocity of 3000, or a ram 
with a weight of 15,000 and a momentum of 165,000, move with tiie 
greater force ? 

381. The Governor. — ^The Governor is an in- 
genious piece of mechanism, constructed on the prin- 
ciple of the centrifugal force, by means of which the 
supply of power in machinery is regulated.* 

382. Fig. 54 represents a governor. A B and A C are 
Fig. 64. two levers, or arms, loaded with 

heavy halls at their extremities B and 
Q, and suspended hy a joint at A 
upon the extremity of a revolving 
shaft AD. A a is a coUar, or sUding 
box, connected with the levers by the 
rods b a and c a, with joints at their 
extremities. When the shaft A D 
revolves rapidly, the centrifugal force 
of the balls B and C will cause them 
to diverge in their attempt to fly off, 
and thus raise the collar a, by means 
of the rods b a and c a. On the con- 
trary, when the shaft A D revolves slowly, the weights B 
and C will fall by their own weight, and the rods 6 fl and 

* This very useful appendage to machinery, tboogh long used in mills and 
other mechanical arrangements, owes its happy adaptation to the steam-engioe 
to the ingennity of Mr. James Watt 
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e a will cause the collar a to descend. The steam-valve in 
a steam- engine^ or the sluice- gate of a water- wheels heing 
connected with the coUar a, the supply of steam or water, 
which puts the works in motion, is thus regulated. 

383. The Main- spring of a watch consists of a long 
ribhon of steel, closely coiled, and contained in a round 
box. it is employed instead of a weight, to keep up the 
motion. 

384. As the spring, when closely coiled, exerts a stronger 
force than when it is partly loosened, in order to correct ih'\» 
inequality the chain through which it acts is wound upon an 
axis surrounded by a spiral groove (called a fusee), graduall}'^ 
increasing in diameter, from the top to the bottom ; so that, 
in proportion as the strength of the sprine is diminished, it 
may act on a lai^er lever, or a larger wheel and axis. 

385. Fig. 55 represents a spring coiled in a round box. 
A B is the fusee, sur- Figr. 55. 

rounded by a spiral A 

groove, on which the , li __^_^__ ' ' 

chain C is wound. When 
the watch is recently 
wound, the spring is in 




the greatest state of ten- i. ' .y y 

sion, and will, therefore, B 

turn the fusee by the smallest groove, on the principle of 
the wheel and axle. As the spring loses its force by being 
partly unwound, it acts upon the larger circles of the fusee ; 
and the want of strength in the spring is compensated by 
the mechanical aid of a larger wheel and axle in the larger 
grooves. By this means the spring is made at all times to 
exert an equal power upon the fusee. The motion is com- 
municated from the fusee by a cogged wheel, which turns 
with the fusee. 

386. Pyronomics, or the laws of Heat. — 
Pyronomic8 is the science which treats of the laws, 
the properties,, and operations of heat. 

387. The nature of heat is unknown, but it has been 
proved that the addition of heat to any aubatJSJVca y^^^x^jcw^ 
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no perceptible alteration in the weight of that substanoe. 
Hence it is inferred that heat is imponderable. 

388. Heat is undoubtedly a positive substance, or quality. 
Cold is merely negative, being only the absence of heat. 

389. Heat pervades all bodies, insiDuating itself, 
more or less, between their particles, and forcing 
them asunder. Heat and the attraction of cohesion 
constantly act in opposition to each other ; hence, 
the more a body is heated, the more its particles will 
be separated. 

390. Heat causes most substances to dilate or expand, while 
cold (which is merely the absence of heat) causes them to 
contract.* Since there is a continual change in the tempe- 
rature of all bodies on the surface of the earth, it necessarily 
follows that there will be a constant corresponding change 
in their magnitude as they are affected bv heat and ooid. 
They expand their bulk in a warm day, and contract it in a 
cold one. In warm weather the flesh swells, the blood-vessels 
are weU filled, the hands and the feet, as well as other parts 
of the body, expand or acquire a degree of plumpness, and 
the skin is distended ; while, on the contrary, m cold weatiber 
the flesh appears to contract, the vessels shrink, and the skin 
appears snnvelled. Hence a glove Or a shoe which is too 
tight in the summer will often be found to be easy in cold 
weather. 

391. The efiect of heat in separating the particles of dif- 
ferent kinds of substances is seen in the melting of solids, 
such as metals, wax, butter, &c. The heat insinuates itself 
between the particles, and forces them asunder. These par- 
ticles then are removed from that degree of proximity to 
each other within which cohesive attraction exists, and th^ 
body is reduced to a fluid form. When the heat is removed, 
the bodies return to their former solid state. 

392. Heat passes through some bodies with more diffi- 
culty than through others, but there is no kind of matter 
which can completely arrest its progress. 

393. Of all the effects of heat, that produced upon water 

* The exceptions to this remark are water and clay. Water expands when 
it feezes; clay eontraets when heattd* 
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\, perhaps, the most familiar. The particles are totally 
sparated, and conrerted into steam or vapour, and their ex> 
nision is wonderfally increased. The steam which arises 
'om boiling water is nothing more than portions of the 
rater heated. The heat insinuates itself between the par- 
ides of the water, and forces them asunder. When de- 
rived of the heat, the particles will unite in the form of 
rops of water. 

This fact can be seen by holding a cold plate over boiline 
'ater. The steam rising from the water will be condensed 
ito drops on the bottom of the plate. The air which we 
reathe generally contains a considerable portion of moisture. 
^Q a cold dav this, moisture condenses on the glass in the 
indowB, and becomes visible. We see it also collected into 
rops on the outside of a tumbler or other vessel containing 
old water in warm weather. Heat also produces most re- 
larkable effects upon air, causing it to expand to a wonderful 
stent, while the absence of heat causes it to shrink or contract 
ito very small dimensions. 

394. The attraction of cohesion causes the small watery 
articles which compose mist or vapour to unite together in 
le form of drops of water. It is thus that rain is pro- 
oced. The clouds consist of mist or vapour expanded by 
eat. They rise to the cold regions of the skies, where the 
articles of vapour lose their heat, and then, uniting in drops, 
dl to the earth. But so long as they retain their heat the 
ttraction of cohesion can have no influence upon them, 
[id they will continue to exist in the form of steam, vapour, 
r mist. 

995. The thermometer, an instrument designed to measure 
agrees of heat, has alrea^ been described, in connection with 
le barometer, under the head of Pneumatics. Heat, under 
le name of caloric, is properly a subject of consideration in 
\e science of Ghemistiry. It exists in two states, called, re- 
pectively, free heat and latent heat. Free heat, or free 
iloric, is that which is perceptible to the senses, as the heat 
r a fire, the heat of the sun, &c. Latent heat is that which 
dsts in most kinds of substances, but is not perceptible to 
le senses until it is brought out by mechanical or chemical 
Btion. Thus, when apiece of cold iron is hMMaet^d.\iJ^\^ 
9 anvil, it becomea intensely heated ; and w\ieii «l «ni'd^'^^x« 
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tion of sulphuric acid, or yitrol, is poured into a vial of oold 
water, the rial and the liquid immediately become hot. A 
further illustration of the existence of latent or concealed heat 
is given at the fireside every day. A portion of oold fad 
is placed upon the grate or nearm, and a spai^ is applied 
to Kindle the fire which warms us. It is evident that the heat 
given out by the fuel, when ignited, does not all proceed fiwm 
me spark, nor can we perceive it in the fuel ; it must, there- 
fore, nave existed somewhere in a latent state. It is, how- 
ever, the efiects of free heat, or free caloric, which are em* 
braced in the science of Pyronomics. The subject of latent 
heat belongs more properly to the science of Chemistry. 

396. The terms heat and cold as they are generally used, 
are merely relative terms ; for a substance which in one per- 
son would excite the sensation of heat might, at the same 
time, seem cold to another. Thus, also, to the same individual 
the same thing may be made to appear, relatively, both warm 
and cold. If, for instance, a person were to hold one hand 
near to a warm fire, and the otner on a cold stone, or marble 
slab, and then plunge both into a basin of lukewarm water, 
the liauid would appear cold to the warm hand, and warm to 
the cold one. 

397. Sources op Heat. — The four principal 
sources of the development of heat are the Sun, 
Electricity, Chemical Action, and Mechanical Action. 
The beat produced by fire and flame is due to che- 
mical action. 

398. But, of all the sources from which heat has been 
developed by human agency, that produced by electrical 
action, and especially the galvanic battery, is by far the most 
eminent in its degree and in its efiects. It can reduce the 
most refractory substances to a fluid state, or convert them 
to their original elements. 

399. The heat generally ascribed to the sun is attended bj 
peculiar phenomena, but imperfectly understood. It may, 
perhaps, be questioned whether there be any absolute heat in 
the rays of that luminary, for we find that the heat is not 
in all cases proportionate to his proximity. Thus, on the 
tops of high mountains, and at great elevation, it is not 
found that the heat is increased, but, on the contrary, dimin- 

ighed But there are other phenomena YT\i\<^\«^\A the con* 
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elusion that his rays are accompanied by the development of 
heat, if they are not the cause and the source of it. 

400. All mechanical o]>erations are attended by heat. 
Friction, sudden compression, violent extension, are all at- 
tended by heat. The savage makes his fire by the friction of 
two pieces of dry wood. Air, suddenly and violently com- 
pressed, ignites diy substances ;* and India-rubber especially, 
when suddenly extended, shows evident signs of heat ; and 
an iron bar may be made red hot by beating it quickly on an 
anviL Even water, when strongly compressed, gives out 
heat. 

401. The principal effects of heat are three, 
namely : 

(1.) Heat expands most substances. 

(2.) It converts them from a solid to a fluid state. 

(3.) It destroys their texture by combustion. 

402. There are many substances on which ordinary degrees 
of heat, and, indeed, heat of great intensity, seems to produce 
no sensible effects ; and they have, therefore, received the 
name of incombustible bodies. Bodies usually called incom- 
bustible are generally mineral substances, such as stones, the 
earths, &o. All vegetable substances, and most animal sub- 
stances, are highly combustible. The metals also all yield to 
the electrical or galvanic battery. But there is sufficient evi- 
denee that all lK>dies were once in a fluid or gaseous state, 
and that the solid forms that they have assumed are due to 
the loss of heat. Could the same degree of intensity of heat 
be restored, it is presumed that they would resume their 
liquid or gaseous form. 

403. Heat tends to diffuse itself equally through all sub- 
stances. 

If a heated body be placed near a cold one, the tempera- 
ture of the former will be lowered, while that of the latter will 
be raised. AU substances contain a certain quantity of heat ; 
but, on account of its tendency to diffuse itself equally, and 
the difference in the power of different substances to conduct 
it, bodies of the same absolute temperature appear to possess 
different degrees of heat. 

Thus, if the hand be successively applied to a woollen gar- 

* Syrintsea hare been conitrncted on ttaii principle. A lolid pUton beinf 
forcibly driven downwardi on dry tinder, ignites it. 



86 MECHANICS. 

ment, a mahogany table, and a marble slab, all of wbich hare 
been for some time in the same room, the woollen varment 
will appear the warmest, and the marble slab tiie ooldest, of 
the three articles ; but if a thermometer be applied to each, 
no dijQTerence in the temperature will be observed. 

404. From this it appears that nome substances conduct 
heat readily ^ and others with great difficulty. The reason 
that the marble slab seems the coldest is, that marble being 
a good conductor of heat, receives the heat from the hand 
so readily that the loss is instantly felt by the hand ; while 
the v/oollen garment, being a bad conductor of beat* receives 
the heat from the hand so slowly that the loss is imperceptiblct 

405. The different power of receiving and conducting 
heat, possessed by different substances, is the cause of the 
difference in the warmth of various substances used for 
clothing. 

406. Thus, woollen garments are warm garments, be- 
cause they part slowly with the heat which they acquire 
from the body, and, consequently, they do not readily con- 
vey the warmth of the body to the air ; while, on the con- 
trary, a linen garment is a cool one, because it parts with its 
heat readily, and as readily receives fresh heat from the 
body. It is, therefore, constantly receiving heat from tiie 
body and throwing it out into the aif , while the woollen 
garment retains the heat which it receives, and thus encases 
the body with a warm covering. 

407. For a similar reason, ice in summer is wrapped in 
woollen cloths. It is then protected from the heat of the air, 
and will not melt. 

408. Heat is propagated in two ways, namely, by conduc- 
tion and by radiation. Heat is propagated by conduction 
when it passes from one substance to another in contact 
with it. Heat is propagated by radiation when it passes 
through the air, or any other elastic fluid. 

409. Different bodies conduct heat with different de- 
grees of facility. The metals are the best conductors, and 
among metals silver is the best conductor. 

410. For this reason, any liquid may be heated in a silver 
vessel more readily than iu any oUiot oi \^xe ^«uy& thvcknoss. 
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The metals stand in the following order, with respect to 
their conducting power, namely, silver, gold, tin, copper, pla- 
tinay steel, iron^ alid lead. 

411. Metals, on account of their conducting power, can- 
not be handled when raised to a temperature above 120 
degrees of Fahrenheit. For this reason, the handles of 
metal tea-pots and coffee-pots are commonly made of wood ; 
since, if they were made of metal, they would become too 
hot to be grasped by the hand, soon after the vessel is 
filled with heated fluid. 

412. Wood conducts heat very imperfectly. For this 
reason, wooden spoons and forks are preferred for ice. In- 
deed, so imperfect a conductor of heat is wood, that a stick 
of wood may be grasped by the hand while one end of the 
stick is a burning coal. But an iron bar, being a good con- 
ductor of heat, cannot be handled near the heated end. 

413. Animal and vegetable substances, of a loose texture, 
such as fur, wool, cotton, &c., conduct heat very imperfectlv ; 
hence their efficacy in preserving the warmth of the boay. 
Water becomes scalding hot at 150 degrees ; but air heated 
far beyond the temperature of boiling water, may be applied 
to the skin without much pain. Sir Joseph Banks, with 
several other gentlemen, remained some time in a room when 
the heat was 52 degrees above the boiling point ; but, though 
they could bear the contact of the heated air, they could not 
touch any metallic substance, as their watch- chains, money, 
&o. Eggs, placed on a tin frame, were roasted hard in twenty 
minutes; and a beefsteak was over-done in thirty -three 
minutes. 

414. Chantrej, the celebrated sculptor, had an oven which 
he used for drying his plaster cuts and moulds. The ther- 
mometer generally stood at 300 degrees in it, yet the work- 
men entered, and remained in it some minutes without diffi- 
culty ; but a gentleman once entering it with a pair of silver- 
mounted specSicles on, had his face burnt where the metal 
came in contact with the skin. 

415. The air, being a bad conductor, never radiates heat, 
nor is it ever made hot by the direct rays of the sun. The 
air which comes in contact with the surface of the earth 
ascends, and warms the air through which it passes in its 
ascent. Other air, heated in the same way , also Aac^XL^^ ^^»t^- 
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ing heat, and this process is repeated till all the air is made 
hot. 

416. In like maimer, in cold weather, the air resting on the 
earth is made cold by contact. This cold air makes the air 
above it cold, and cold currents (or wind) agitate the mass 
together, till a uniform temperature is produced. 

417. Heat is reflected by bright substances, and the angle 
of reflection mU be equal to the angle of incidence. 

418. Advantage has been taken of this property of heat in 
the construction of a simple apparatus for oakmg. It is a , 
bright tin case, having a cover inclined towards 'we fire in 
such a manner as to reflect the heat downwards. In this man- 
ner use is made, both of the direct heat of the fire, and Ihe 
reflected heat, which would otherwise pass into the room. The 
whole apparatus, thus connected with the culinary department 
is callea, m New England, ** The Connecticut baker," 

419. This power of reflecting heat, possessed by bright sub- 
stances, is the reason why andirons and other articles that 
are kept bright, although standing very near the fire, never 
become hot ; while other darker substances, further from the 
fire, become hot. But, if they are not bright, heat will pene- 
trate them. 

420. The reflecting power of bright and light- coloured sub- 
stances accounts also for the superior coolness of white and 
light-coloured fabrics fbr clothing. 

421. Black and dark-coloured surfaces absorb heat. 
This is the reason why black and dark-coloured fabrics are 
warmer when made into garments than those of light colour. 

422. Snow or ice will melt under a piece of black cloth, 
while it would remain perfectly solid under a white one. 
The farmers in some of the mountainous parts of Europe, are 
accustomed to spread black earth, or soot, over the snow, in 
the spring, to hasten its melting, and enable them to com- 
mence ploughing. 

423. The density of all substances is augmented by cold 
and diminished by heat. 

There is a remarkable exception to this remark, and that is 
in the case of water : which instead of contracting, expands 
at the freezing point, or when it is frozen. This is the reason 
why pitchers, and other vessels containing water, and other 
similar fluids, are so often broken when the liquid freezes in 
them. Eor the same reason, ice floats instead of sinking in 
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water : for, as its density is dimiDished, its specific f^vity is 
consequently diminishe<L Were it not for this remarkable 
property of water, lar^e ponds and lakes, ez]>08ed to intense 
cola, would become solid masses of ice : for, if the ice, when 
formed on the surface, were more dense (that is, more heavy) 
than the wnter below, it would sink to the bottom, and the 
water above, freezing in its turn, would also sink, until the 
whole body of the water would be frozen. The consequenre 
would be, the total destruction of all ereatiures in the water. 
But the specific gravity of ice causes it to continue on the 
surface, protecting the water below from congelation. 

424. Cold is merely the absence of heat : or rather, more 
properly speaking, inferior degrees of heat are termed coid, 

425. The effect of heat and cold, in the expansion and con- 
traction of glass, is an object of common observation ; for it 
is this expansion and contraction which cause so many accidents 
with glass articles. Thus, when hot water is suddenly poured 
into a cold glass of any form, the glass, if it have any thickness, 
will crack ; and, on the contrary, if cold water be poured 
into a heated glass vessel, the same effect will be produced. 
The reason of which is this : heat makes its way but slowly 
through glass ; the inner surface, therefore, when the hot 
water is poured into it, becomes heated, and of course dis- 
tended before the outer surface, and the irregular expansion 
causes the vessel to break. ^ There is less danger of fracture, 
therefore, when the glass is thin, because the heat readily 
penetrates it, and there is no irregular expansion. 

426. The glass chinmeys, used for oil and gas burners, are 
often broken by being suddenly placed, when cold, over a hot 
flame. The dudger of fracture may be prevented (it is said) 
by making a minute notch on the bottom of the tube with a 
diamond. This precaution has been used in an establishment 
where six lamps were lighted every day, and not a single 
glass has been oroken in nine years. 

427. Different bodies require different quantities of heat 
to raise them to the same temperature ; and those which 
are heated with most difficulty, retain their heat the longest. 

Thus, oil becomes heated more speedily than water, and 
it likewise-cools more quickly. 

42S. The most obvious and direct effect of heat on a 
body is to increase its extension in all direCdoiA. 
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429. Coopers, wheelwrigliis, and other artificers, avail them- 
selves of this property in fixing iron hoops on casks, and the 
tires or irons on wheels. The hoop or tire, having been 
heated, expands, and being adapted in that state to the cask 
or the wheel, as the metal contracts in cooling it clasps the 
parts very firmly together. 

430. From what has been stated above, it will be seen that 
an allowance should be made for the alteration of the dimen- 
sions in metallic beams or supporters, caused by the dilatation 
and contraction effected by the weather. In the iron arches 
of South w ark Bridge, over the Thames, the variation of the 
temperature of the air causes a difference of height, at dif- 
ferent times, amounting to nearly an inch. 

431. The Pyrometer is an instrument to show the 
expansion of bodies by the application of heat. 

It consists of a metallic bar or wire, with an index con- 
nected with one extremity. On the application of heat, the 
bar expands, and turns the index, to shew the degree of ex- 
pansion. 

432. Wedgewood's pyrometer, the instrument commonly 
used for high temperatures, measures heat by the contrac- 
tion of clay. 

433. The expansion caused by heat in solid and 
liquid bodies differs in different substances ; but aeri- 
form fluids all expand alike^ and undergo uniform 
degrees of expansion at various temperatures. 

434. The expansion of solid bodies depends, in some degree, 
on the cohesion of their particles ; but as gases and vapours 
are destitute of cohesion, heat operates on them without any 
opposing power. 

435. When heat is applied to water or other liquids, it 
converts them into steam or vapour. The deprivation of heat 
reconverts them into the liquid form. It is on this prin- 
ciple that distillation takes place. 

436. The vessel employed for distillation, is called a 
Still.* 

* The mbject of distillation properly belongs to the science of Chemistry, 
but it is here introduced for the benefit of those who cannot readily refer to a 
treatue on that iUbJecL 




437. Fig. 56 reprefents a Slill. A liquid being poured 
to the lar^ vessel a, heat ia applied below, which conifert* 
le liquid gradually into steam or vapour, which, having no 
htT outlet, passes through the spiral tube, called the worm, 

. vessel b, and from b throngh another Troriii, ia c. The 
arm being surrounded with cold water, condenses the 
ipour in the tube or worm, and reconvcTts it to a fluid state, 
id it flows out at e in a tepid stream. The worm is of 
ffierent lengths, and its only use is to present a large ex- 
at of surface to the cold water, so that the vapour may 
adiJy be condensed, 

438. The process of distillation is sometimes used to purify 
liquid, as IJie Taponrs which rise are unmixed » ith the imp\i- 
lies of the fluid. ImpoTt«nt changes are thus made, and 
e still becomes highly useM in the arts. 

438, When water is raised to the temperature of 
12^ of Fahrenheit's thermometer, it is converted 
ito steam. It is then highly elastic and compress- 
le. 

439. The elastic force of steam is increased hy 
sat; and decrease of heat diminishes it. The 
Donnt of pressure which steam nill exert, depends, 
lerofore, on its temperature, 

440, The temperature of steam is always the same with 
At of th« liquid from which it is formed, uhite it vemaW 



92 MECHANICS. 

in contact with that liquid ; and when heated to a great de- 
gree^ its elastic force will cause the vessel in which it is con- 
tained to burst, unless it is made sufficiently strong to resist 
a prodigious pressure. 

442. It has already been stated that water is converted into 
steam at the temperature of 212. When closely confined it 
may be raised to a higher temperature, and it will then emit 
steam of greatly increased elastic force. 

443. When any portion of steam comes in contact 
with water^ it instantly parts with its beat to the 
water, and becomes condensed into water. The 
whole mass then becomes water^ increased in tem- 

1)erature by the amount of heat which the steam has 
ost. 

444. This is the great and peculiar property of 
steam, on which its mechanical agencies depend^ 
namely, its power of exerting a high degree of elastic 
force, and losing it instantaneously. 

445. There are two ways in which steam is made 
instantly to lose its mechanical force ; namely, firsts 
by suddenly opening a passage for its escape into the 
open air, where it immediately becomes visible, by 
a sudden loss of part of its heat which it gives to 
the air ; and secondly, by conveying it into a vessel 
called a condenser, where it comes directly into con- 
tact with a stream of water, to which it instantly 
gives up its heat, and is condensed into water. 

446. Steam occupies a space about seventeen hun- 
dred times larger than when it is converted into 
water. But the space that a given quantity of water 
converted into steam will occupy, depends upon the 
temperature of the steam. The more it is heated, 
the greater space it will fill, and the greater will be 
its expansive force. 

447. The Steam-engine. — ^The Steam-engine is 
a inacbine moved by the expansive foxce-of ^tearn. 
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448. The mode in which steam is made to act is by 
causing its expansive force to raise a solid piston accurately 
fitted to the bore of a cylinder, like that in the forcing- pump. 
The piston rises by the impulse of expanding steam, admit- 
ted into the cylinder below. When the piston is thus raised, 
if the steam below it be suddenly condensed by the admis- 
sion of cold water, or withdrawn from under it, a vacuum 
will be formed, and the pressure of the atmosphere on the 
piston above will drive it down. The admission of more 
steam below will raise it again, and thus a continued motion 
of the piston, up and down, will be produced. This motion 
of the piston is communicated to wheels, levers, and other 
machinery, in such a manner as to produce the effect in- 
tended. 

449. This is the mode in which the engine of Newcomen 
and Savery, commonly called the atmospheric engine, was 
constructed. It was called the atmospheric engine because 
half of the work was done by the pressure of the atmo- 
sphere, namely, the downward motion of the piston. 

450. The celebrated Mr. James Watt introduced two im- 
portant improvements into the steam-engine. Observing 
that the cooling of the cylinder by the water thrown into it 
to condense the steam lessened the expansibility of the steam, 
he contrived a method to withdraw the steam from the prin- 
cipal cylinder, after it had performed its office, into a con- 
densing-chamber, where it is reconverted into water, and 
conveyed back to the boiler. The other improvement, called 
the double action, consists in substituting the expansive 
power of steam for the atmospheric pressure. This was 
performed by admitting the steam into the cylinder above 
the raised piston, at the same moment that it is removed 
from below it ; and thus the power of steam is exerted in 
the descending as well as in the ascending stroke of the 
piston ; and a much greater impetus is given to the machi- 
nery than by the former method. From the double action 
of the steam above as well as below the piston, and fiom 
the condensation of the steam after it has performed its 
office, this engine is called Watt*s dimble-a/oting couden^^m^ 
Bteam-engine, 




H MRCHAH1C8. 

451. Fig. 57 representB that portion of the ateaia-eiigiDe 
n nhicli bteam is made to act, and propel (uch tuacbiDerj 
IS may be connected with it. It alto exhitnia two inipTOTe- 
Ffg. J7. mentB of Mr. Watt The 

principal pans are the 
boiler, the cylinder anditi 
pieton, the condeaaer, the 
air-pump, the steam-jupe, 
the edaction pipe, and the 
cistern. In thia figure, A 
represents the boiler, C 
^ the cylinder, with H the 
^Kpiston, P the steam-pipe 
1 two branches* com- 
muoicating with the cylin- 
and the other beluw the piston. This 
I, F and G, which are opened and cloeed 
alternately by machinery connected with the piston. The 
steam is carried through this pipe by the valves, when open, 
to the cylinder, both above and iielow the piaton. K is the 
eduction pipe, hsviug two brenchea, like the steam-pipe, 
furnished with valves, &c., which are opened and shut bv 
the same machinery. By the eduction-pipe the steam is ted 
off from the cyUnder, as the piston ascenda and descends. 

L is the condenser, and O a stop-cock for the admission 
of cold water. M is the pump. N is the cietera of cold 
water in which the condenser is immersed. R is the safety- 
valve. When the valves are all open, the steam issues freely 
from the boiler, and circulates through all the parts of a 
machine, expelling the air. This process is e;tlled blowing 
out. and is heard when a steam-boat is about starting. 

Now, the valves F and Q being closed, and U and P re- 
maining open, the steam presses upon the piston and forces 
it down. As it descends, it draws with it the end of the 
working beam, which is attached to the piston-rod J (but 
which is not represented in the figure). To this working- 
beam (which is a lever of the first kind) bars or rods are 
* The itam nid the ednrtion pip^ Pre Mnwtimn mmle In fbmu diffeHnf 
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tached, which, rising and falling with the beam and the 
3ton, open the stop-cock O, admitting a stream of cold 
Iter, which meets the steam from the cy Under and con- 
nses it, leaving no force below the piston to oppose its 
scent. At this moment the rods attached to the workinj;- 
am close the stop-cocks G and P, and open F and Q. 
le steam then flows in below the piston, and rushes from 
ove it into the condenser, by which means the piston is 
reed up again with the same power as that with which it 
scended. Thus the steam cocks G and P and F and Q 
3 alternately opened and closed ; the steam passing from 
B boiler, drives the piston alternately upwards and down- 
irds, and thus produces a regular and continued motion, 
lis motion of the piston, being communicated to the work- 
^-beam, is extended to other machinery, and thus an en- 
le of great power is obtained. 

The pump M, the rod of which is connected with the 
)rking-beam, carries the water from the condenser back 
;o the boiler. 

The safety-valve R, connected with a lever of the second 
id, is made to open when the pressure of the steam within 
B boiler is too great. The steam then rushing through the 
erture under the valve, removes the danger of the burst- 
r of the boiler. 

452. The power of a steam-engine is generally 
pressed by the power of a horse, which can raii^e 
1,000 lbs. to the height of one foot in a minute. 
Q engine of 100 horse power is one that will raise 
300,000 lbs. to the height of one foot in one minute. 

453. The steam engine is constructed in various forms, 
d no two manufacturers following exactly the same pat- 
rn ; but the two principal kinds are the high and the low 
38sure engines, or, as they are sometimes called, the non- 
ndensing and the condensing engines. The non- con- 
using or' high-pressure engines differ from the low-pres« 
:e or condensing engines in having no condenser. The 
ram, after having moved the piston, is let off into the open 

. As this kind of engine occupies \e%% «^%&^) ^sAv^k 

o 
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much less complicated, it is generally used on railroads. 
In the low-pressure or condensing engines, the steam, after 
having moved the piston, is condensed, or converted into 
water, and then conducted back into the boiler^ 

454. The steam-engine, as it is constructed at the present 
day, is the result of the inventions and discoveries of a 
number of distinguished individuals, at different periods. 
Among those who have contributed to its present state of 
perfection, and its application to practical purposes, may be 
mentioned the names of Somerset, the Marquis of Worces- 
ter, Savery, Newcomen, Fulton, and especially Mr. James 
Watt. 

455. Steam-engines of various constructions are appHed 
to boats to turn wheels having paddles attached to their cir- 
cumference, and hence called steam-boats, and to locomotives 
upon our railroads, a full description of which will be found 
in the treatise on the '* Steam-engine/' published in Parker*s 
Educational Course. 



QUESTIONS FOR EXAMINATION. 



%* Tlie fig^ures at the end of each question refer to the number of the 
section from which the answer is to be derived. 



1. What is Mechanics ? 1. 25. 

2. What is Matter ? 5. 26. 

3. What are the essential proper- 27. 

ties of Matter ? 14. 28. 

4. What is Impenetrability .' 15. 

5. What is Extension ? 17, 29. 

6. What is Fig^ure } 18. 30. 

7. What is DivisibiUty ? 20. 

8. What is IndestructibUity ? 28. 31. 

9. What is Inertia? 32. 

10. What is Attraction ? 40. 32. 

11. What is the law of Attrac- 

tion? 41. 33. 

12. How many kinds of Attrac- 

tion are there ? 42. 34. 

13. What is the Attraction of Gra- 35. 

vitation ? 43. 

14. What is the Attrition of Co- 

hesion ? 44. 36. 

15. Exemplify the two kinds of 

Attraction; namely, Gra- 37. 
Tity and Cohesive Attrac- 
tion ? 46. 38. 

16. What is Porosity ? 50. 39. 

17. What is Density ? 52. 

18. What is Rarity ? 54. 40. 

19. What is Compressibility ? 57. 

20. What is Expansibility .> 61. 41. 

21. What is Elasticity ? 63. 

22. What is Brittleness ? 67. 

23. What is Flexibilitj .> 68. I 42. 

24. What is MaUeability ? 69. 



What is Ductilitv .> 73. 

What is Tenacity .> 76. 

What is Gravity ? 80. 

With what force do all bodies 
attract each other .' 80. 

What is Weight ? 83. 

What bodies have the greatest 
weight ? 84. 

What is the law of Attrac- 
tion } 86. 

What is the law of Terrestrial 
Gravity .> 89. 

What is the Centre of Gravity 
of a body ? 92. 

What is a Vertical Line ? 98. 

To what is the resistance of 
the air to a falling body 
proportioned ? 101. 

What effect has Gravity upon 
the air ? 106. 

What is meant by Specific 
Gravity ? 108. 

What is Motion? 114. 

What is meant by a Foroe ? 
116. 

What is meant by Resistance ? 
117. 

What things are to be con- 
sidered in relation to Mo- 
tion } 118. 

What is tYic '^tXodV^ , wi^ V^ 
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43. What is the rule for finding 

the velocity of a moving 
body? 121. 

44. How is the time employed by 

a moving body ascertained? 
. 123. 

45. How may the space passed 

over by a body in motion 
be ascertained ? 1 25. 
46 How many kinds of motion 
are there ? 128. 

47. What is uniform motion ? 129. 

48. What is accelerated motion ? 

130. 

49. What is retarded motion ? 131. 
5U. How are uniform, accelerated, 

and retarded motion re> 
spectively produced ? 1 32. 

51. What time does a body occupy 

in its ascent and descent ? 
136. 

52. How can perpetual motion be 

produced ? 137. 

53. What is meant by action and 

reaction ? 138. 

54. How may motion be caused ? 

142. 

55. What is an angle of incidence ? 

143. 

56. Explain Fig 7, 144. 

57. What is the angle of reflection r 

145. 

58. What is the proportion of the 

angle of incidence to the 
angle of reflection ? 146. 

59. What will be the course of a 

body in motion which 
strikes against another fixed 
body ? 147. 

60. What is the momentum of a 

body ? 148. 

61. How is the momentum of a 

body calculated ? 148. 

62. How can a small or a light 

body be made to do as 
much damage as a larger 
one? 150, 



63. What is the law of {allinf 

bodies? 154. 

64. How can we determine the 

height to which a body, 
projected upwards with a 
giveu velocity «• will ascend? 
158. 

65. How does the time of the at* 

cent of a body compare 
with th*? time of its dc 
scent ? 160. 

66. In what direction is the motion 

of a body impelled by a 
single force ? 162. 

67. What is compound motion ) 

163. 

68. When a body is struck by two 

equal forces, in opposite 
directions, how will it 
move? 164. 

69. How will a body move when 

struck by two forces in 
diflferent directions ? 166. 

70. How will the body move, if 

the forces are equal and at 
right angles to each other ? 
167. 

71. How will a body move under 

the influence of two un* 
equal forces at right angles 
to each other? 169. 

72. Explain Fig. 9, 170. 

73. How will the bodv move if 

the forces act in the direc- 
tion of any other than a 
right angle ? 171. 

74. How will a body move if the 

forces act in the direction 
of an acute or obtuse angle } 
171. 

75. Explain Fig. 10.172. 

76. What is resultant motion? 175. 

77. Explain Fig. 11,' 176. 

78. How can we ascertain the di- 

rection of the motion when 
the body is influenced by 
Wxtee ot xaotft forces ? 177. 
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circular motion ? 178. 
.uses circular motion ? 

ny centres require to 
jticed in Mechanics? 

the centre of magni- 

? 182. 

the centre of gravity ? 

the centre of motion*? 

the axis of motion ? 

I centre or the axis of 
n revolve ? 186. 
i central forces ? 188. 
the centripetal force ? 

the centrifugal force t 

Qows, if the centripe- 
centrifugal force be 
>yed ? 191. 

body is revolving 
d its centre or its axis, 
parts move with the 
St velocity ? 193. 
Fig. r2, 194. 
aily revolution of the 
around its own axis, 
parts of the earth 
most slowly, and what 
most rapidly? 195. 
required in order to 
;e curvilinear motion ? 
hy ? 196, 

tct has the centrifugal 
on a body revolving 
1 its longer axis ? 

)rojectiles ? 198. 

i projectile } 199. 

projectiles a£fected in 

notion ? 199. 

?ig. 13. 200. 

the course of a body 



thrown obliquely in a hori- 
zontal direction ? 20 1 . 

100. What forces effect a horizon- 

tal projectile, and i\liat 
effect do they produce .- 202. 

101. How is the force of gravity 

affected by the force of pro- 
jection ? 203. 

102. Explain Fig. 15, 204. 

103. What effect has the projec- 

tile foice on gravity ? 205. 

104. What is the random of a 

projectile? 206. 

105. At what angle does the great- 

est random take place ? 20 7. 

106. What will be the effect if a 

ball be thrown at any angle 
above 45 degrees ? 207. 

107. What is the centre of gravity 

of a body ? 2()8. 

108. What is the centre of mag- 

nitude ? 209. 

109. Where is the centre of 

gravity of a body ? 210. 

110. When vdll a body stand, and 

when will it fall ? 211. 

111 . What is the line of direction ? 

212. 

112. When will a body stand, and 

when will it fall ? 214. 

113. Explain Fig. 18, 215. 

114. How does a rope-dancer per- 

form his feats of agility ? 
217. 

1 15. When will a body stand most 

firmly? 221. 

116. Why can a person carry two 

pails of water more easily 
than one ? 226. 

117. Where is the centre of gravity 

of two bodies connected 
together ? 227. 

118. Explain Figures 19, 20, and 

21, 228. 

119. What things in Mechanics re- 

. quire distinct considera- 
tion^ 1%\. 
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QUESTIONS FOR EXAMINATION. 



120. What are the mechanical 

powers ? 233. 

121 . What is the fundamental prin- 

ciple of Mechanics P 234. 

122. Explain Fig. 22, 235. 

123. How many mechanical pow- 

ers are there, and their 
names ? 237. 

124. What is the lever, and how 

is it used ? 238. 

125. How many kinds of levers 

are there ? 240. 

126. What is the position of the 

power, the weight, and the 
fulcrum, respectively, in 
the three kinds of lever? 
241. 

127. Describe a lever of the first 

kind by figure 23, and tell 
the advantage gained by it, 
241. 

128. On what principle is the com- 

mon steelyard constructed ? 
242. 

129. Describe the steelyard, 242. 

130. Of what use are the three 

hooks in the steelyard.^ 243. 

131. How is power gained by the 

use of the lever ? 246. 

132. What is a compound lever ? 

247. 

133. Describe the lever of the 

second kind, with Fig. 27, 
248. 

134. Describe the lever of the 

third kind by Fig. 29,25. 

135. What is the wheel and axle ? 

255. 

136. How are the power and the 

weight applied to the wheel 
and axle ? 256. 

137. Explain the construction of 

the wheel and axle by Fig. 
.30, 258. 

138. What is the advantage gained 

by the use of the wheel and 
Mxle ? 268. 



139. How does the wheel and axle 
described in Fig. 31 differ 
from that described in Fig. 
30 } 259. 

140. On what principle is the 
wheel and a^de construct- 
ed P 260. 

141. What are cranks, and how 
are they made ? 265. 

142. What are fly-wheels, and 
what is their use ? 269. 

143. How many kinds of water- 
wheels are there ? 272. 

144. Describe the overshot wheel, 
274. 

145. Describe the undershot 
wheel, 273. 

146. Describe the breast wheel, 
275. 

147. How may rapid or slow 
motion be obtained at plea- 
sure by a combination of 
wheels with their axles? 
282. 

148. How may the power of 
toothed wheels be estima- 
ted •> 287. 

149. What is a pulley ? 293. 
149*. How many kinds of pulleys 

are there .' 293. 

150. Explain Fig. 42, 294. 

151. On what principle does the 
fixed puUey act ? 225. 

152. How does the movable pal- 
ley differ from the fixed ? 
296. 

153. Explain Fig. 43, 297. 

154. What is the advantage gained 
in the use of the movable 
pulley ? 298. 

155. Explain Fig. 44, 300. 

156. On what principle is the 
movable pulley constract- 
ed P 302. 

157. What law applies to all the 
mechanical powers ? 305. 

\lb%. In. \«Vv.qX ^lo^ortion is the 
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power to the weight when 181. 
the movable pulley is used ? 
305. 182. 

159. What is the inclined plane .' 

307. 183. 

160. What ii the advantage gain- 184. 

ed by the use of the in- 
clined plane } .310. 

61. What is the wedge ? 315. 185. 

62. What is the advantage gained 

by the' use of the wedge .^ 186. 
316. 

63. In what proportion is the 

power of the wedge ? 316. 

53*. On what does the effective 187. 
power of the wedge de- 
pend ? 320, 

>4. What is the screw ? 322. 188. 

>5. What appendage generally 
attends the screw ? 324. 

>6. Is the screw or the nut 189 
movable? 325. 

>7. In what manner does the 
power applied to the screw 
move ? 327. 190. 

»8. What is the advantage gain- 
ed by the screw ? 328. 191. 

)9. What is meant by the convex 
and concave screw ? 329. 

10. Explain Figure 47, 330. 192. 

71. Explain Figure 48, 331. 

^2. Whatisthetogglej<)int?331. 193. 

73. Explain Figure 50, 338. 194. 

74. What is a medium } 341. 195. 

75. In what proportion is the re- 196. 

sistance of a medium ? 343. 

76. What is a vacuum ? 345. 197. 

77. What is friction, and how 198. 

many kinds of friction are 199. 
there ? Describe each, 348. 

78. What portion of the power 200. 

of a machine is lost by 201. 
friction? 351. 

79. What is used to lessen fric- 202. 

tion P and why ? 352. 

SO. How does friction increase ? 1 203. 

333. 1 204. 



How may friction be diniin> 
ished r 354. 

What are the uses of fric- 
tion ? 355. 

What is the pendulum ? 357. 

What are the motions of a 
pendulum called, and how 
are they caused ? 358. 

What is the arc of a pen- 
dulum ? 358. 

What difference is there in 
the time of the vibraiiuns 
of pendulums of equal 
length ? 359. 

On what does the time of 
the oscillations of a pen- 
dulum depend ? 361. 

What is the length of a pen- 
dulum that vibrates once 
every second of time ? 362. 

Which must be the longer 
to vibrate seconds, a peti- 
dulum at the equator or 
one at the poles ? 363. 

How is a clock regulated ? 
364. 

In what proportion are the 
lengths of pendulums ? 
365. 

What is a battering rain P 
376. 

Explain Figure 53, 377. 

What is the governor? 381. 

Explain Figure 54, 382. 

What is the main-spring of 
a watch f 383. 

Explain Figure 66t 384. 

What is pyronomics ? 385. 

What is heat, and what is its 
weight ? 386. 

What is cold? 387. 

What effect has heat on all 
bodies ? 388. 

What kind of bodies arrest 
the progress of heat ? 391 . 

What is sleam^ ^^1« 

How isTam^tQd\\K,^^'l^^*^< 
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205. What are the principal sour- 

ces of heat ? 396. 

206. What is the source of the 

gpreatest degree of heat? 
397. 

207. What are the principal effects 

of heat ? 400. 

208. What is the first law of heat ? 

402. 

209. What is the reason that some 

substances feel warm and 
others cold in the same 
room .' 403. 

210. What is the cause of the dif- 

ference in the warmth of 
different garments P 404. 

211. Why are woollen garments 

warm, and linen cool ? 405. 

212. How is heat propagated ? 407. 

213. What are the best conductors 

of heat P 408. 

214. Why are the handles of tea 

and coffee pots made of 
wood ? 410. 

215. How is heat reflected? 416. 

216. Why are dark garments 

warmer than light ones ? 
420. 

217. What effect has heat upon 

the density of substances ? 
422. 

218. What is cold ? 423. 

219. What bodies retain heat the 

longest ? 426. 

220. What is the pyrometer ? 4.30. 

221. What effect has heat on 

bodies respectively, in the 
solid, liquid and aeriform 
state ? 432. 



222. What effect has heat on the 

form of liquid bodies ? 434. 
222*. What is a still? 435. 

223. Explain Figure 56, 4.36. 

224. At what temperature is water 

converted into steam .' 438. 

225. What effect has heat upoa 

steam ? 439. 

226. What is the temperature of 

confined steam P 440. 

227. How is steam condensed? 

442. 

228. On what property do the 

mechanical agencies of 
steam depend ? 443. 

229. How may the mechanical 

force of steam be instantly 
destroyed ? 444. 

230. What space does steam oc* 

cupy ? 445. 

231. What is the steam-engine? 

446. 

232. In what manner is steam 

made to act ? 447. 

233. How was the steam-engine of 

Newcomen and Savery 
constructed ? 448. 

234. What improvements did Watt 

make in the Steam-engine ? 
449. 

235. Explain Figure 67, 450. 
234. How is the power of a steam- 
engine estimated ? 451. 

237. What are the two kinds of 

steam-engines, and how do 
they differ ? 452. 

238. Who were the principal im- 

provers of the steam* 
engine ? 453. 
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HTDEOSTATICS, flTDRAULICS, 



AND 



PNEUMATICS. 



1. Hydrostatics.* — Hydrostatics treats of the 
nature, gravity, and pressure of fluids. 

2. Hydrostatics is generally confined to the con- 
sideration of fluids at restj and Hydraulics to fluids 
in motion. 

3. A fluid is a substance which yields to the 
slightest pressure, and the particles of wliich, having 
but a slight degree of cohesion, move easily among 
themselves.^ 

* The sabjects of Hydraulics and Hydrostatics are sometimes described 
imder the general name of Hydrodynamics. The three terms are from the 
Greek langfuage, compounded of vdtap (budor), water^ and 6vvaniH (dunamis), 
force, or power i arariKos (staticos;, standing, and avKot (aulos), a tube or 
pipe. Hence Hydrodynamics would imply the science which treats of the 
in-operties and relations of water and other fluids, whether in a state of motion 
or rest ; wliile the term Hydrostatics would be confined to the consideration of 
fluids in a state of rest, and Hydraulics to fluids in motion through tubet or 
channels, natural or artificial. 

t There is this remarkable difference between bodies in a fluid and bodies 
in a solid form, namely, that every particle of a fluid is perfectly independent 
of every other particle. They have no tendency to cohere, like the particles of 
a solid, nor to repel one another, as is the case with particles composing a gas. 
They can move among one another toithout the least degree of friction, and, 
when they press downward upon one another in virtue of their own weight, 
the downward pressure is communicated t» all directions, causing a pressure 
upwards, sideways, and in every possible manner. Herein the particles of a 
fluid differ from the particles of a solid even when reduced to the most impalpa- 
ble powder ; and this it is which constitutes fuidily, namely, the power of trans^ 
wdtnmg pressure in every direction, and that too ujxthout /nctiou. TVi<&V!a>X<i:\<^ 
also, which compose a mid, must be almost in&nitelv u&aiA^c \X^:ux. Vot!& ^\i«b. 
ptatide of md impalpable powder. 
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4. A liquid differs from a fluid in its degree of 
compressibility and elasticity. Fluids are highly 
compressible and elastic. Liquids^ on the contrary, 
have but a slight degree either of compressibility or 
of elasticity.* 

5. Another difference between a liquid and a fluid arises 
from the propensity which fluids have to expand whenever all 
external pressure is removed. Thus, whenever a portion of 
air or gas is removed from a closed vessel, the remaming por- 
tion wul expand, and, in a rarer state, will All the whole vessel. 
Liquids, on the contrary, will not expand without a change of 
temperature. Liquids, also, have a slight degree of cohesion, 
in virtue of whicn the particles will form themselves into 
drops ; but the particles of fluids seem to possess the opposite 
quality of repulsion, which causes them to expand without 
limit, unless confined within the bounds of some vessel, or re- 
stricted within a certain bulk by external pressure. 

6. The fluid form of bodies seems to be in great measure, 
if not wholly, attributed to heat. This subtle agent insinuates 
itself between the particles of bodies, and forces them asunder. 
Thus, for instance, water divested of its heat becomes ice, 
which is a solid. In the form of water it is a liquid, having 
but in a very slight degree the properties either of compres- 
sibility or elasticity. An additional supplv of heat converts 
it into steam, endowed with a very great degree both of elas- 
ticity and compressibility. But, so soon as steam loses its 
heat, it is again converted into water. Again, the metals be- 
come Hquid when raised to certain temperatures, and it is 

* The celebrated experiment made at Florence, many yewt% ag^o, to test the 
compressibility of water, led to the conclnsion that uater is wholly incompres- 
sible. Later experiments have proved that it may be compressed, and that it 
also has a slight decree of elasticity. In a voyag^e to the West Indies, in the 
year 1839, an experiment was made, at the suggestion of the author, with a 
bottle filled with fresh water from the tanks on the deck of the Sea Eagle. It 
was hermetically sealed, and let down the depth of about seven hundred feet. 



On drawing it up, the bottle was still full, but the water was brackish, proving 
that the pressure at that great depth had forced a ];>ortion of the deep salt water 
into the bottle, previously compressing the water in the bottle to make room 



for it. As it rose to the surface, its elasticity restored it to its normal state of 
density. 

At great depths in the sea the pressure of the superincumbent mass increases 
the density by compression, and it has been calculated that, at a depth of about 
ninety railed, water would be compressed into one-half of its volume, and at a 
depth of 360 miles its density would be nearly equal to that of mercury. 
Under a pretswre of 15,000 lbs. to a square inch, Mr. Perkins, of Newbaryport, 

aahaequently of London, has shown that crater \& tedL\LceOL\uVk>^VhLQue ^gut in 

tweuty-four. 
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»wn that many, and supposed that all, of them wonld be 
itilized if the required supply of heat were applied. The 
>nce of Geology furnishes sufficient reasons for believing 
t all known substances were once not only in the liquid 
m, but also previously existed in the form of gas.* 

J, Gravitation of Fluids. — Fluids gravitate in a more 
feet manner than solids, on account of their want of co- 
ive attraction. The particles of a solid body cohere so 
)ngly, that when the centre of gravity is supported, the 
ole mass will be supported. But every particle of a 
d gravitates independently of every other* particle. 

I, On account of the independent gravitation and want 
cohesion of the particles of a fluid, they cannot be formed 
3 figures, nor preserved in heaps. Every particle makes 
eflfort to descend, and to preserve what is called the level 
equilibrium. 

9. The level or equilibrium of fluids is the ten- 
ncy of the particles so to arrange themselves, that 
3ry part of the surface shall be equally distant from 
I centre of the earth ; that is, from the point to- 
trds which gravity tends. 

LO. Hence the surface of all fluids, when in a state of 
t, partakes the spherical form of the earth. 

.1. For the same reason, u fluid immediately conforms itself 
the shape of the vessel in which it is contained. The par- 
es of a solid body being united by cohesive attraction, if 
r one of them be supported it will uphold those also with 
ich it is united. But, when any particle of a fluid is un- 
►ported, it is attracted down to the level of the surface of 
» fluid ; and the readiness with which fluids yield to the 
^htest pressure, will enable the particle, by its own weight, 
penetrate the surface of the fluid, and mix with it. 

12. Capillary Attraction. — Capillary Attrac- 
n is that attraction which causes fluids to ascend 

The science of Chemistry uufolds the fact, that aU the ^ctkt cYiVSi^R^' \tv 
coQstitation of bodies are accompanied by the ex]h\\>\t\oiv. q1 \a»\. «^i\v«t 
inee or hUent coadition. 
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above their level in capillary tubes. Capillary* 
tubes are tubes with very fine bore. 

13. This kind of attraction exhibits itself not onlv in tubes, 
but also between surfaces which are very near toj^^ether. This 
mav be beautifully illustrated by the following experiment. 
Take two pieces of flat glass, and, having previously wet them, 
separate tneir edges on one side by a 'thin strip of wood, card, 
or other material; tie them together, and partly immerse 
them perpendicularly in coloured water. The water wiU then 
rise the highest on that side where the edges of the glass 
meet, forming a beautiful curve downwards towards the c^ges 
which are separated by the card. 

14. Inmierse a number of tubes with fine bores in a glass 
of coloured water, and the water will rise above its equili- 
brium in all, but highest in the tube with the finest bore. 

15. The cause of this seems to be nothing more than the 
ordinary attraction of the particles of matter for each other. 
The sides of a small orifice are so near to eath other as to at- 
tract the particles of the fluid on their opposite sides, and, as 
all attraction is strongest in the direction of the greatest 
quantity of matter, the water is raised upwards, or in the 
direction of the length of the tube. On the outside of the 
tube, the opposite surfaces cannot act on the same column of 
water, and, therefore, the influence of attraction is here im- 
perceptible in raising the fluid. 

16. All porous substances, such as sponge, bread, linen, 
sugar, &c., may be considered as collections of capillary 
tubes ; and, for this reason, water and other liquids wul rise 
in them when they are partly immersed. 

17. It is on the same principle that the wick of a lamp will 
carry up the oil to supply the flame, although the flame is se- 
veral inches above the level of the oil.f If the end of a towel 

* The word capillary is derived from the Latin word cajHlla (hairX <knd it 
is applied to this kind of attraction because it is exhibited most prominently 
in tubes the boret ofvMch are at fine at a hair, and hence called capillary 
tubes* 

t The reason why well-filled lamps will sometimes fail to give Hg^ht is. that 

the wick is too lar? e for its tube, and, beine thus compressed, the capillary 

attraction is impeded by the compression. The remedy is to reduce the siie 

of the wick. Another cause, also, that prevents a clear ligrht, is that the 

flame is too far from the surface of the oil. As capillary attraction acts only 

at short distances, the surface of the oil should always be within a short dis- 

iance of the ilame. But another reason, which requires particular attention, 

M that all kinds of oil nsually employed for \amtiA couXvaw ^^Iwtinoua matter, 

ff/ wiiich BO treatment can wholly dlveBt tVvem. TViVa umlUac tai&>^« ^oimkvc 
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happen to be Icfl in a basin of water, it will empty the basin 
of its contents. On the same principle, when a dry wedge of 
wood is driren into the crevice of a rock, as the rain falls 
upon it, it will absorb the water, swell, and sometimes split 
the rock. In this manner mill-stone quarries are worked in 
Germany. 

18. Endosmosb and Exosmose. — In addition to the ca- 
pillary attraction just noticed as peculiar to fluids, another may 
be mentioned, as yet but imperfectly understood, which seems 
to be due partly to capillary and partly to chemical attraction, 
known under the names endosmose and exosmose.^ These 
phenomena are manifested in the transmission of thin fluids, 
vapour and gaseous matter, through membranes and porous 
BUDstances. The ascent of the sap of the vegetable, and the 
absorption of nutritive matter by the organs of animal life, 
are to be ascribed to these causes. 

19. When two liquids of different densities are separated 
by a membranous substance or by porcelain unglazed, endos- 
mose will carry a current inwards, and exosmose will force one 
outwards, thus causing a partial mixture of the fluids. 

20. Experiment, — Take, a glass tube, and, tying a piece of bladder 
or dean leather over one end for a bottom, put some sugar into it, and 
having poured a little water on the sugar, let it stand a few hours in 
a tumbler of water. It will then be found that the water has risen 
in the tube through the membranous substance. This is due to endos- 
mose. If allowed 'to stand several days, the liquid will rise several feet. 

If the experiment be reversed, and pure water be put into the tube, 
and the moistened sugar into the tumbler, the tube will be emptied by 
exosmose. 

21. The liquid that has the less density will generally pass to the 
denser liquid and dilute it. 

22. Gbavitation op Fluids of diffbrbnt Densities.-— 
When solid bodies are placed one above another, they will 

capillary tubes of the wick, and prevents the ascent of the oil to feed the 
Hune. For this reason, the wicks of lamps should be often renewed. A wick 
that has been long standings in a lamp will rarely aft'ord a clear and bright 
lig^t. Another things to be noticed by these who wish the lannp to perform 
ita duty in the best possible manner is, that the wick be not of sach size as, 
by its length, as well as its thickness, to fill the cup, and thereby leave no 
room for the oil. It must also be remembered that, althoug^h the wick when 
first adjusted may be of the proper size, the glutinous matter of the oil, filling 
its capillary tubes, causes the wick to swell, and thereby become too large for 
the tnbe, producing the same difficulty as has already been noticed in cases 
where the wick is too large to allow the free operation of oa.vi\\«rj «XX\«K!XKQ>Tk. 
* Kndosmowv fi^U^ eifdov, within, and wir/uios, impulsion. ^xoncssLOAft) tcvyoL 
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remain in the position in which they are placed so long as 
their respective centres of gravity are supported, without 
regard to their specific gravity. With fluids the case is 
di^erent. Fluids of different specific gravity will arrange 
themselves in the order of their density, each preserving its 
own equilibrium. 

23. Thus, if a quantity of mercury, water, oil, and air, be 
put into the same vessel, they will arrange themselves in the 
order of their specific gravity. The mercury will sink to the 
bottom, the water will stand above the mercury, the oil above 
the water, and the air above the oil ; and the surface of each 
fluid will partake of the spherical form of the earth, to which 
they all respectively gravitate. 

24. A Water or Spirit Level is an instrument con- 
structed on the principle of the equilibrium of fluids. 
It consists of a glass tube, partly filled with water, 
and closed at both ends. When the tube is not per- 
fectly horizontal, — that is, if one end of the tube be 
lower than the other, — the water will run to the lower 
end. By this means the level of any line to which 
the instrument is applied may be ascertained. 

25. Fig. 1 represents a Water Level. A B is a glass 
Fig. 1. ^^^^ partly filled with water. C is a 

bubble of air occupying the space not filled 
c j vr'^^y^ ?^^ ^ by the water. When both ends of the tube 

are on a level, the air-bubble will remain 
in the centre of the tube ; but, if either end of the tube be 
depressed, the water will descend and the air-bubble will 
rise. The glass tube, when used, is generally set in a 
wooden or a brass box. It is an instrument much used by 
carpenters, masons, surveyors, &c. 

[N.B. The tube is generally filled with spirit, instead of water, on 
account of the danger that the water will freeze, and burst the glass. 
Hence the instrument is called indifferently the Spirit Level or the 
Water Level.] 

26. Effect of thb Peculiar Gravitation of Fluids. 
— Solid bodies gravitate in masses, their parts being so con- 

nected aa to form a whole, and their Yie\gYA\o»:^\»T«i^gMdRd 
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as concentrated in a point, called the centre of gravity ; 
while each particle of a fluid may be considered as a separate 
masSy gravitating independently. 

It is for this reason that a body of water, falling, docs 
less injury than a solid body of the same weight. But if 
the virater be converted into ice, the particles losing their 
fluid form^ and being united by cohesive attraction, gravitate 
unitedly in one mass. 

27. Pressure op Fluids. — Fluids not only press 
downwards like solids, but also upwards, sidewise^* 
and in every direction. 

28. So long as the equality of pressure is undisturbed, every 
particle will remain at rest. If the fluid be di8turl)ed by agi- 
tating it, the quality of pressure will be disturbed, and the 
fluid will not rest until the equilibrium is restored. 

29. The downward pressure of fluids is shown by making 
an aperture in the bottom of a vessel of water. Every par- 
ticle of the fluid above the aperture will run downwards 
through the opening. 

30. The lateral pressure is shown by making the aperture 
at the side of the vessel. The fluid will then escape through 
the aperture at the side. 

31. The upward pressure is shown by taking a glass 
tube, open at both ends, inserting a cork in one end (or 
stopping it with the finger), and immersing the other in the 
water. The water will not rise in the tube. But the 
moment the cork is taken out (or the finger removed), the 
fluid will rise in the tube to a level with the surrounding 
water. 

32. The pressure of a fluid is in proportion to the 
perpendicular distance from the surface ; that is^ tlie 

* If the pAiticles of flnids were arranged in regular colnmns, as in Fig. 2, 
there would be no lateral pressure ; for when one pir 2 Fiff S 

particle is perpendicularly above the other, it can ' *• • s- • 

press onty downwards. But if the particles be ar- 
ranged as in Fig. S, where a particle presses l>e- 
tweea two particles beneath, these last must suffer 
a latend pressure. In whatever manner the par- 
tidea are arranged, if they be globular, as i% aup- 
puacd, then muBt be tpaccB between them. 
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deeper the fluid, the greater will be the pressure. 
This pressure is exerted in every direction, so that 
all the parts at the same-depth press each other with 
equal force. 

33. A bladder, filled with air, bein^ immersed in water, will 
be contracted in size, on account of the pressure of the water 
in all directions ; and the deeper it is immersed, the more 
will it be contracted.* 

34. An empty bottle, bein^ corked, and, by means of a 
weight, let down to a certain depth in the sea, will either be 
broken by the pressure, or the cork will be driven into it, and 
the bottle will be filled with water. This will take place even 
if the cork be secured with wire, and sealed. But a bottle 
filled with water, or any other liquid, may be let down to any 
depth without damaee, because, in this case, the internal 
pressure is equal to tne extemal.t 

* The weight of a cubic inch of water at the temperature of 67? of Fahren- 
heit's thermometer is 36066 miilionths of a pound avoirdupois. The pressure 
of a column of water of the height of one foot will therefore be twelve times 
this quantity, or .4328 (making allowance for the repeating decimal), and the 
pressure upon a square foot by a column one fool high will be found by multi- 
plying this last quantity by 144, the number of square inches in a square 
foot, and is therefore 62 3332. 

Hence, at the depth of 

lbs. lbs. 

1 fuot the pressure on a square inch is 4328, on a square foot, 623^ 

2 feot 8656, "2 " feet, 124.&464 

3 " 1 2984, « 3 '^ « 186.9696 

4 « 1.7312, « 4 " " 240.2928 

5 " 2.1640, " 6 ** « 811.6160 

6 " 2.5968, « 6 " " 373,9392 

7 " 3.0296, « 7 « " 438.2624 

8 " 3.4624, " 8 " « 4985856 

9 " 38952, « 9 « " 6605068 

10 " 4.3280, *• JO « « 623.2320 

100 " 43.2800, " 100 " " 62323200 

From this table, the pressure on any surface at any depth may easily be 
found. 

it will thus be seen that there is a certain limit beyond which divers cannot 
plunge with impunity, nor fishes of any kind live. Wood that has been sunk 
to great depths in the sea will have its pores so filled with water, and its spe- 
cific uravity so increased, that it will no longer float. 

t *^Experiment9 at SeO'—Vfe are indebted to a friend, who has just arrived 
from Europe,'' says the Baltimore Gazette, **for the following experiments 
made on board the Cliarlemagne : — 

"26th of September, 1836, the weather being calm, I corked an empty wine- 
bottle, and tied a piece of linen over the cork ; I then sank it into the sea six 
hundred feet ; when drawn immediately up again, the cork wag inside, the Unett 
remained as it was placed, and the bottle was filled with water. 

y next made a noose of strong twine arciond the bottom of the cork, whkh 
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35. Exercises, 

(I.) What pressure is sustained by the body of a fish having a sur- 
face of 9 square feet, at the depth of 150 feet ? 

(2.) What is the pressure on a square yard of the banks of a canal, 
at the depth of 4 feet ? 

(3.) What pressure is exerted on the body of a roan, at the depth 
of 30 feet, supposing the surface of his body to be 2| square yards ? 

(4.) Suppose a whale to l)e at the depth of 200 feet, and that his 
body presents a surface of 150 yards. What pressure does be sustain ? 

(5.) How deep may a glass vessel containing 18 inches of square 
surface be sunk without being broken, supposing it capable of resist- 
ing an equal pressure of 1500 lbs ? 

(6.) What is the pressure sustained on the sides of a cubical water- 
tight box at the depth of 150 feet below the surface, supposing the 
box to rest on the bed of the sea, and each side to be 8 feet long and 
8 feet wide ? 

(7.) How deep can a glass vessel be sunk without breaking, sup- 
posing that it be capable of resisting a pressure of 200 pounds on a 
square inch ? 

36. The lateral pressure of a fluid proceeds entirely from 
the pressure downwards, or, in other words, from the weight 
of the liquid above ; consequently, the lower an orifice is 
made in a vessel containing water or any other liquid, the 
greater will be the force and velocity with which the liquid 
will rush out. 

37. Fig. 4 represents a vessel of water, with orifices at 
the side at different distances from the surface. The dif- 
ferent curves in thp figure, described by the liquid in running 
out of the vessel, show the action of gravity, and the 

I forced into the empty bottle, lashed the twine securely to the neck of the 
bottle, and sank the oottle six hundred feet. Upon dinwing it up immediately, 
the cork was found inside, having forced its way by the twine, and in so doin^^ 
had broken itself in two pieces ; the bottle was filled with water. 

'* 1 then made a stopper of white pine, long enough to reach to the botiom 
of the bottle ; after forcine this stopper into the bottle, 1 cut it off about half 
an inch above the top of the bottle, and drove two wedges, of the same wood, 
ioto the stopper. I sank it six hundred feet, and upon drawing it up imme- 
diately, the stop|>er remained as I placed it. and there was about a gill of water 
in the bottle, which remained unbroken. The water must have force<i its way 
through the pores of the wooden stopper, althouji^h wed^^ed as aforesaid ; and 
Imd the bottle remained sunk lon^ enough, there is no doubt that it would 
have been filled with water." [See also note on page 8.] 

It is the opinion of some philosophers that the pressure at very f^reat depths 
of the sea is so great, that the water is condensed into a solid state ; and that 
at or near the centre of the earth, if the fluid cou'd exlei\<i v» ^tw^Vj ^ W\\%k 
pressure ffonid convert the whole into a solid maei; ot f^e. 
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^'^i- *• eflbcts produced by the force of the pres- 

sure on the liquid at different depths. 
At A the pressure is the least, because 
there is less weight of fluid above. At 
B and C the fluid is driven outwards by 
the weight of that portion above, and the 
force will be strongest at C. 

38. As the lateral pressure arises solely from the down- 
ward pressure, it is not affected by the width nor the length 
of the vessel in which it is contained, but merely by its 
depth ; for, as every particle acts independently of the rest, 
it is only the column of particles above the orifice that can 
weigh upon and press out the water. 

39. The lateral pressure on one side of a cubical vessel 
will be equal only to half of the pressure downwards ; for 
every particle at the bottom of a vessel is pressed upon by 
a column of the whole depth of the fluid, while the lateral 
pressure diminishes from the bottom upwards to the surface, 
where the particles have no pressure. 

40. The upward pressure of fluids, although apparently 
in opposition to the principles of gravity, isjaut a necessary 
consequence of the operation of that principle ; or, in other 
words, the pressure upwards, as well as the pressure down^ 
wards, is caused by gravity. 

41. When water is poured into a vessel with a spout 
(like a tea-pot, for instance), the water rises in the spout to 
a level with that in the body of the vessel. The particles 
of water at the bottom of the vessel are pressed upon by 
the particles above them, and to this pressure they will yield, 
if there is any mode of making way for the particles above 

. them. As they cannot descend through 

the bottom of the vessel, they will change 
their direction and rise in the spout. Fig. 5 
represents a tea-pot, and the columns of 
balls represent the particles of water mag- 
nified. From an inspection of the figure, 
it appears that the particle numbered 1, at 
the bottom, will he pressed lateraWy "by VNi^ ^^tXlviVi xiaai- 
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bered 2, and by tbis pressure forced into the spout, where, 
meeting with the particle 3^ it presses it upwards, and this 
pressure will be continued from 3 to 4, from 4 to 5, and so 
on, till the water in the spout has risen to a level with that 
in the body of the vessel. If water be poured into the spout, 
the water will rise in the same manner in the body of the 
vessel, from which it appears that the force of pressure de- 
pends entirely on the height , and not on the leyigth or 
hreadthi of the column of fluid. [See No. 32.] 

42. Any quantity of fluid, however small, may be 
made to balance any other quantity, however large. 
This is what is called the Hydrostatic Paradox.* 

43. The principle of what is called the hydrostatic para- 
dox is illustrated by the hydrostatic bel- y\%. 6. 
lows represented in Fig. 6. A B is a 
long tube, one inch square, C D £ F are 
the bellows, consisting of two boards, 
eight inches square, connected by broad 
pieces of leather, or india-rubber cloth, 
in the manner of a pair of common bel- 
lows. One pound of water poured into 
the tube will raise sixty-four pounds on 
the bellows. If a smaller tube be used, 
the same quantity of water will fill it 
higher, and, consequently, will raise a 
greater weight ; but, if a larger tube be 
used, it will, of course, not fill it so high, 
and, consequently, will not raise so great a weight, because 
it is the height, not the quantity, which causes the pressure. 

The hydrostatic bellows may be constructed in a variety 
of forms, the simplest of which consists, as in the figure, of 

* A paradox is somethings which is seemingly absurd, but true in fact. But 
in what is called the Hydrostatic Paradox there is in reality no paradox at ail. 
It is true that a small quantity of fluid will balance any quantity, however large, 
bat it is on the same principle as that with which the longer arm of the lever 
acts. In order to raise the larger quantity of fluid, the smaller quantity must 
be elevated to a height in proportion as the bulk of the larger quantity exceeds 
the smaller. Thus, to raise 500 lbs. of water by the descending force of one 
pound, the latter must descend 500 inches while the former is rising one inch ; 
and hence, what is called the hydrostatic paradox i& in «V.ncX. c^xv^^^vcciw.^ 
with the taudamenttLl principle of Mechanics, that Yi^aX \% %«m\«\ \vi \u^K«t 
it lott in tim^ or in tptice. 
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two boards connected together by broad pieces of leather, 
or india-rubber cloth, in snch a manner as to allow the upper 
board to rise and fall like the common bellows. A perpen- 
dicular tube is so adjusted to this apparatus that water 
poured into the tube, passing between the boards, will sepa- 
rate them by its upward pressure, even although the upper 
board is loaded with a considerable weight. 

[N.B. A small quantity of water most be poured into the bellows 
to separate the surfaces before they are loaded with the weight.] 

44. The force of pressure exerted on the bellows by the 
water poured into the tube is estimated by the comparative 
size of the tube and the bellows. Thus, if the tube be one 
inch square, and the top of the bellows twelve inches, thus 
containing 144 square inches, a pound of water poured into the 
tubes, will exert a pressure of 144 lbs. on the bellows. Now, 
it will be clearly perceived that this pressure is caused by the 
height of the column of water in the tube, A pound, or a 
pint, of water will fill the tube 144 times as high as the 
same quantity would fill the bellows. To raise a weight of 
144 pounds on the bellows to the height of one inch, it will 
be necessary to pour into the tube as much water as would 
fill the tube were it 144 inches long. It will thus be per- 
ceived that the fundamental principle of the laws of motion is 
here also in fill force » namely, that what is gained in power is 
lost either in time or in space ; for, while the water in the 
bellows is rising to the height of one inch, that in the tube 
passes over 144 inches. 

45. Another form of apparatus, by means of which it can be 
proved that fluids press in proportion to their perpendicular 
height, and not their quantity, is seen in Fig. 7. This ap- 
paratus unites simplicity with convenience. Instead of two 
boards connected with leather, an india-rubber bag is placed 
between two boards, connected by crossed bars with a board 
below, loaded with weights, and the upper boards are made 
to rise or fall as the water runs into or out of the bag. It 
IS an apparatus easily repaired, and the bag may also be used 
for gas, or for experiments in Pneumatics. 

A and B are two vessels of uneqvxal a\xe, but of the same 
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length. These msy 
snccessWely be ecrew- 
ed to the apparatua, 
and filled with water. 
Weights may then be 
added to the bos- 
pended scale oDtil the 
pressure iB counter- 
balanced. It nill then 
be perceived that, al 
though A is ten times J 
larger than B, the 
water Will etand at 
the same height in 
both, because they are 
of tht tame length. If 
C be used instead of 
A or B, the apparatus may be used as the hydrostatic 
bellows.* 

46. Hydrostatic pREseuiiB ttbed as a Mechan- 
ical Power. — If water be confined in any vessel, 
and a preseare to any amount be exerted on a Rquare 
inch of that water, a pressure to an equal amount 
vill be transmitted to every sqnare inch of the surface 
of the vessel in which the water is confined. 

47. This property of fluida seemfl to invest us with a power 
of increasing tne mtervsity of a preHHore exerted by a com- 
paratively small force, withont any other limit than that of the 
itr«Dgth of the materials of which the engine itself is con- 
Rtract«d. It also enables ns with great facility to transmit 
the motion and force of one machine to that of another, in 
oaaes where local circumetancea preclude the poBBibility of 
inetitutiDK any ordinary mechanical connection between the 
two mBC&neH. Thus, merely by means of water-pipes, the 
force of a machine may be Irannnitted to any distance, and 

• If a cuk be fliled oitli water, ind ■ Xonf pipe be ntt«l to it, by pouiint 
iTiterinto the pipe ItwilLexen u greet a prMaure b> to bunt th« «■»<&. 

tan, I/m dofp ererice. ctmiiDUiiicatiiig liith atnutV fovtuXua wViiii,\i*f>^«^ 
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OTer meqnalitJeB of ground, or tlirough any other obstrDC- 

48. It is on the principle of hydroBtatic pressure that 
Bnunah's hydroHtatic press, repretented in Fig. 8, is cod- 
etmcted. The 
mEdn features of 
this apparatus are 
as follows : a is a 

lar^ metallic cj> 
linder, having 
communication 
one with the 
other. Water 

stands in both the 
cylinders. The 
piston S carries a 
strong head P, 
which works in a 
frame opposite to 
a similar plate R. Between the two plates the substance 
W to be compressed is placed. In the narrow tube a is 
a piston;), worked by a iever cbd,iU short arm ci driving 
the piston, while the power is applied at d. The pressure 
exerted by the small piston p on the water at a is trans- 
mitted with equal force tbroughout the entire mass of the 
fluid, while the surface at A presses up the piston S with a 
force proportioned to its area. For instance, if the cy- 
linder a of the foTcc-pomp has an area of half en inch, 
while the great cylinder has an area of 200 inches, then the 
pressure of the water in the latter on the piston S will be 
equal to 400 times that on p. 

Next, suppose the arms of the lever to be to each other ai 
1 to 50, and that at d, the extremity of the longer arm, 
a man works with a force of 50 pounds, the piston ji will 
consequently descend on the water with a force of 250ft 
pounds. Deducting one-fourth for the loss of power caused 
b^ the difierent impediments to motion, and one man would 
edU be able to exert r force ol ^<:e-<\uux«n lA «. WA&m, 
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of pounds by means of this machine. This press is used 
in pressing paper, cloth, hay, gunpowder, &c. ; also in up- 
rooting trees, testing the strength of ropes, &c. 

49. A fluid specifically lighter than another fluid will 
float upon its surface.*" 

[N.B. This is but another way of stating the law mentioned in 
No8. 7 and 8.] 

50. If an open bottle, filled with a fluid epccifically lighter 
than water, be swnk in water, the lighter fluid will Vise from 
the bottle, and its place will be supplied with the heavier 
water. 

61. Any substance whose specific gravity is greater than 
any fluid will sink to the bottom of that fluid, and a body 
of the same specific gravity with a fluid will neither rise nor 
fall in the fluid, but will remain in whatever portion of the 
fluid it is placed. But a body whose specific gravity is less 
than that of a fluid, will float. 

This is the reason why some bodies will sink ^nd others 
float, and still others neither sink nor float .f 

52. A body specifically lighter than a fluid will sink in 
the fluid until it has displaced a portion of the fluid equal in 
weight to itself. 

63. If a piece of cork is placed in a vessel of water, about 
one-third part of the cork will sink below, and the remainder 
will stand above, the surface of the water; thereby dis- 
placing a portion of water equal in bulk to about a third 
part of the cork, and this quantity of water is equal in 
weight to the whole of the cork, because the specific gravity 
of water is about three times as great as that of the cork. 

* The slaves in the West Indies, it is said, steal rum by inserting the long: 
neck of a bottle, full of water, throufirli the top aperture of the rum-cask. 
The water foils oat of the bottle into the cask, while the lig:hter rum ascends 
in its stead. 

t The bodies of birds that Arequent the waters, or that live in the waters, 
are g^enerally much li/i^hter than the fluid in which they move. The feathers 
and down of the water-fowl contribute much to their buoyancy; but fishes 
liAve tlie ix>wer of dilating and contracting their IxMlies by means of an in- 
ternal air-vessel, which they can contract or expand at pleasure. 

The reason that the bodies of persons who have been di-owned first sink, 
and, after a nnmber of days, will float, is, tliat when first drowned the air, 
being exj>elled from the lungs, makes the body specifically heavier than water, 
and It will of course sink ; but, after decomposition has taken v^ace, t^^ ^«^ 
|[euenited within the body distend it. and reader \l \\%>i\,«t V\\«iTi vi\sX«\^«sA. 
Ibej win cause it to rite to the aarface. 
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54. It is on the same principle that boats, ships, &c., al- 
though composed of materials heavier than water, are made 
to float. From their peculiar shape, they are made to rest 
lightly on the water. The extent of the surface presented 
to the water counterbalances the weight of the materials, and 
the vessel sinks to such a depth as will cause it to displace a 
portion of water equal in weight to the whole weight of the 
vessel. From a knowledge of the specific gravity of water, 
and the materials of which a vessel is composed, rules have 
been formed by which to estimate the tonnage of vessels ; 
that is to say, the weight which the vessel will sustain without 
sinking. 

55. The standard which has been adopted to estimate the 
specific gravity of bodies is rain or distilled water, at the 
temperature of 60°.* 

This is found to be a very convenient standard, because 
a cubit foot of water at that temperature weighs exactly one 
thousand ounces. 

56. Taking a certain quantity of rain or distilled water, we 
find that a quantity of gold, equal in bulkj will weigh nearly 
twenty times as much as the water ; of lead, nearly twelve 

* As heat expands and cold condenses all metals, their specific g^vity 
cannot be the same in summer that it is in winter. For this reason, they will 
not serve as a standard to estimate the specific gravity of other bodies. The 
reason that distiiled water is used is, that spring, well, or river water is 
seldom perfectly pure, and the various substances mixed with it affect its 
weight. The cause of the ascent of steam or vapour may be found in its 
specific gravity. It may here be stated that rain, snow, and hail, are formed 
by the condensation of the particles of vapour in the upper regions of the 
fttmo8i)here. Fine, watery particles, coming within the sphere of each other's 
attraction, unite in the form of a drop, which, being heavier than the air, falls 
to the earth. Snow and hail differ from rain only in the different de^ees of 
temperature at wliich the particles unite. When rain, snow, or hail ftiUs, 

Eart of it reascends in the form of vapour, and forms clouds, part is absorbed 
y the roots of vegetables, and part descends into the earth and forms springs. 
The springs form brooks, rivulets, rivers, &c., and descend to the ocean, 
where, being again heated b^ the sun, the water rising in the form of vapour, 
again forms clouds, and again descends in hail, snow, rain, &c. The specific 
gravity of the watery particles which constitute vapour is less than that of the 
air near the surface of the earth ; they will therefore, ascend until they 
reach a portion of the atmosphere of the same specific gravity with them- 
selves. But the constant accession of fre«h va{)Our from the 'earth, and the 
loss of heat, cause several particles to come within the sphere of each other's 
attraction, as has been stated above, and they unite in the form of a drop, the 
specific gravity of which being ^eater than that of the atmosphere, it wilt fall 
in the form of rain. Water, as it descends in rain, snow, or nail, is perfectly 
pure i but when it has fallen to the earth, it mixes with various suiNitances 
tbrongb which it passes, which gives it a speciea of flaNQ^t^mthout affectiof 
//5* transparency. -^ 
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times as much ; while oil, spirit, cork, &c., will weigh less 
than water** 



DistlUed Water, 

Mercury, 

Salphuric Acid, 

Nitric Acid, 

Prossic Acid, 

Alcohol {pore), 

Ether, 

Spirits of Turpentine, 

Essence of Cinnamon, 

Sea Water, 

Milk, 

Wine, 

Olive Oil, 

Naphtha, 

Iodine, 

Platinum, 

Gold, 

Silver, 

Rhodium, 

Palladium, 

Jridium, 

Copper, 

Lead, 

Bismuth, 

Tellurium, 

Antimony, 

Chromium 

Tungsten, 

Nickel, 

Cobalt, 

Tin, 

Cadmium, 

Zinc, 

Steel, 

Iron, 

Cast-iron, 

Manganese, 

Sodium, 

Potassium, 

Diamond, 

Arsenic, 

Graphite, 

Phosphorus, 

Sulphur, 

Lime, 



• TABLE OP SPECIFIC OBAVITIBfl. 

Temperature about 40° Fahrenfieit. 

1. 

13.586 
1.841 
1.220 

.696 

.792 

.715 

1.010 

1.026 

1.030 
.993 
.916 
.847 

4.946 
22 060 
19.360 
10.600 
11.000 
11.600 
18.660 

8.860 
11.260 

9.822 

6.240 

6.720 

6.900 
17600 

a270 

7.810 

7.293 

8.687 

7.190 

7 820 

7.788 

7.200 

8012 
.972 
.875 

3530 

6.670 

2.500 

1.770 

2.086 

3 150 



Galena, 


7.580 


Marblp, 


2.850 


White Lead, 


6.730 


Plaster of Paris, 


2.330 


Nitrate of Potash, 


1.930 


Emerald, 


2.700 


Garnet, 


3.350 


Feldspar, 


2.500 


Serpentine, 


2.470 


Alum, 


1.700 


Topaz, 


3.500 


Bituminous Coal, 


1.2o'J 


Anthracite, 


1800 


Pulverized Charcoal, 


1.500 


Woody Fibrert, 


1.500 


Lignum Vitae, 


1.350 


Bozivood, 


1.320 


Beech, 


.852 


Ash, 


.846 


Elm, 


.800 


Yew, 


.807 


Apple Tree, 


.733 


Yellow Fir, 


.657 


Cedar, 


.661 


Sassafms, 


.482 


Poplar, 


.383 


Cork Tree, 


.240 


Flint Glass, 


3.330 


Pearls, 


2 750 


Coral, 


2.680 


China-ware, 


2.380 


Porcelain Clay, 


2.210 


Flint, 
Granite, 


2600 


2.700 


Slate, 


2.825 


Alabaster, 


2.700 


Brass, 


6.300 


Ice, 


.865 


Common Air, 


.001 


Hydrogen Gas, 


.000105 


Living Men, 


.891 


Brandy, 


.820 


Mahogany, 


1.003 


Chalk, 


1793 


Carbonic Acid Gas, 


.001527 



By meanf of this table the weight of any mass of matter can be ascertained, 
if we know its cubical contents. A cubit foot of water weighs exactly 1000 
oances. If we mnltiplv this by the number annexed to any substance in this 
table, the product will be the weight of a cubic foot of that substance. Thus 
anthracite coal has a specific gravity of ),800. A thousand ounces, multiplied 
by this sum, produces 1800 ounces, which is the weight of a cubic foot of 
uithracite coal. 

The balk of any given weight of a substance may aUo xe«L'^A'^\A«aR.^tNKccifo^ 
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67. The specific gravity of bodies that will sink in water 
is ascertained by weighing them first in water, and then out 
of the water, and dividing the weight out of the water by 
the loss of weight in water. 

^^^' ^' 58. Fig 9 represents the scales for 

ascertaining the specific gravity of 
bodies. One scale is shorter than the 
other, and a hook is attached to the 
bottom of the scale, to which sub- 
stances whose specific gravity is 
sought may be attached and sunk in 
water. 

69. Suppose a cubic inch of gold weighs nineteen ounces 
when weighed out of the water, and but eighteen ounces* 

by dividing that weight in onnces by the number of ounces there are in a 
cubic foot. Tlie result will be the number of cubic feet. The cube root of 
the number of cubic feet will give the length, depth, and breadth of the inside 
of the square box that will contain it. 

It is to be understood that all substances whose specific gravity, is greater 
than water will sink when immersed in it, and all whose specific gravity it 
less than that of water will float in it. Let us, then, take a quantity of water 
which will weigh exactly one pound ; a quantity of the substances specified in 
the table, of the same bulk, will weigh as follows :— 

1.080 lbs. 

1.000 ** 

.920 « 

.908 « 

.830 " 

.891 « 

.800 « 

.700 « 

.600 « 

.600 " 

.240 « 

.0011 " 

000.106 '« 

A cubic foot of water weighs one thousand avoirdupois onnces. By multi- 
plying the number opposite to any substance in the above table by one thou- 
sand we obtain the weight of a cubic foot of that substance in ounces. Tliiis 
a cubic foot of platinum is 23,000 ounces in weight 

In the above table it appears that the specific gravity of living men is about 
one-ninth less than that of common water. So loni;, therefore, as the lunfs 
can be kept free from water, a person, althousfh unacquainted with the art of 
swimming, will not completely sink, provided the hands and arms be kept 
under water 

The specific gravity of sea-water is greater than that of the water of lakes 

and rivers on account of the salt contained in it On this account the 

water of lakes and rivers has less buoyancy, and it is more difllcult to swim 

Ja it. 

* Tbegold will weigh Jess in the water l^i&n ooX of it^ on account of the 



Platinum, 


23. 


lbs. 


Boxwood, 


Fine Gold, 


19.640 


a 


Rain Water, 


Mercury, 


14.019 




Oil, 


Lead, 


11.525 




Ice, 


Silver, 


11.091 




Brandy, 


Copper, 


9.000 




Living Men, 


Iron, 


7.645 




Ash, 


Glass, 


3.000 


(( 


Beech, 


Marble, 


2.705 


u 


Elm, 


Chalk, 


1.793 


u 


Fir, 


Coal, 


1.250 


u 


Cork, 


Mahogany, 


1.063 


u 


Common Air, 


Milk, 


1.034 


u 


Hydrogen Gas, 
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when weighed in water, the loss in wat/cr is one onnoe. The 
weight ont of water, nineteen ounces, being divided by one 
(the loss in water), gives nineteen. The specific gravity of 
gold, then, would be nineteen ; or, in other words, gold is 
nineteen times heavier than water. 

60. The specific gravity of a body that will not sink in 
water, is ascertained by dividing its weight by the sum of its 
weight added to the loss of weight which it occasions in a 
heavy body previously balanced in water.* 

61. If a body lighter than water weigh six. ounces, and 
on being attached to a heavy body, balanced in water, is 
found to occasion it to lose twelve ounces of its weight, its 
specific gravity is determined by dividing its weight (six 
ounces) by the sum of its weight added to the loss of weight 
it occasions in the heavy body ; namely, 6 added to 12 
which, in other words, is 6 divided by 18, or six-eighteenths 
which is one-third. 

upward pressure of the particles of water, which in some measure supports 
it, and, by so doinf , diminishes its weig-ht. Now. as the upward pressure of 
tiiese particles is exactly sufficient to balance the downward pressure of a 

Siantity of water of exactly the same dimensions with t)ie f^old, it follows 
at the go\d will lose exactly as much of its weii^ht in water as a quantity of 
water with the same dimensioits as the gold will wei^h. And this rule app ies 
to all bodies, heavier than water, that are immersed in it. Thef/ icIU lose aa 
much of their weight in water as a quantiti/ of water of their oirn dimemions 
weight. All bodies, therefore, of the same size, lose' the same qiianiity uf 
their weight in water. Hence, the specific gravity of a hody is the iveight of 
it compared with that of water. Asa b«nly loses a quantity of its vveierht 
when immersed in water, it follows, when the body is lifted from the water 
that portion of its weight which it had lost will be restored. This is the 
reason that a bucket of water, drawn from a well, is heavier when it ris«fs 
above the surface of the water in the well tiian it is while it remains beiuw the 
surface. For the same reason, our lunbs feel heavy in leaving a bath. 

* The method of ascertaining the specitic gravities of bo«lie.s was discovered 
accidentally by Archimedes- He had been empioyeu by the King of .Syracuse 
to investigate the metals of a golden crown, which h<; suspected had been 
adulterated by the wbrkman The philosopher laboured at the problem in 
vain, till, going: one day into the bath, he perceived ih.it the water ruse in the 
bath in proportion to the bulk of his body. He instantly perceived that 
any other substance of equal size would raise the water just us much, tiiough 
one ot equal weiuht and less bulk cuuld not produce rjie same elTert. lie 
then obtained two masses, one of gold and one of sdver, each equal m \%eiir)tc 
to the crown, and having li-led a vessel very accurately with water, he first 
plunged the silver mass into it, and observed tne quamity of Aater that tfowed 
over; he then did the same with the gfold, and found that a less quantity had 
passed over than before. Hence he inferred (hat. Ihoug'h of equal weight, the 
bulk of the silver was greater than that of the gold, and tiiat the quantity of 
water displaced was, in each expei iment, equal to the bulk of the niotal. He 
next madfe trial with the crown, and found that it displaced tnure w.iter than 
the gold, and less than the silver, which led him to coucl'ide tUox a "ti^i^ 
neitiier pore gold Dor pure silver. 
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62, Exercises, 

(1.) A body lighter than water caused the loss of lOlbs. to a 
heavier body immersed in water. In air the same body weighed SOlbs. 
What was its specific gravity ? 

^o/u/ton.— SOlbs., its weight, divided by (30+10=) 40 (the sum 
of its weight added to the loss of weight which it caused in another 
body previously balanced in the water). Ans, .75. 

(2.) A body that weighed 151bs. in air, weighed but 12 in water. 
"What was its specific gravity ? 

(3.) If a cubic foot of water weigh 1000 ounces, what is tlie 
weight of an equal bulk of gold ^ 

(4.^ The weight of an equal bulk of lead ? 

(5.) The weight of an equal bulk of cork ? 

i6.; The weight of an equal bulk of iron ? 
7.) What is the weight of a cubic foot of mahogany ? 

(8.) The weight of a cubic foot of marble.' 

(9.) What is the weight of an iceberg 6 miles long, half a mile wide, 
and 400 feet thick ? 

(] 0.) What is the weight of a marble statue, supposing it to be ex- 
actly a yard and a half of cubic measure. 

(11.) If a cubical body of cork exactly 9 inches on each side be 
placed in water, how deep will it sink ? 

(12.) Suppose that four boats were made each out of one of the fol- 
lowing kinds of wood, namely, ash, beech, elm, and fir, which would 
carry the greatest weight without sinking r 

63. An Hydrometer is an instrument to ascertain 
the specific gravity of liquids. 

64. The hydrometer is constructed on the princi- 
ple, that the greater the weight of a liquid the greater 
will be its buoyancy. 

65. The hydrometer is made in a variety of forms, but it 
generally consists of a hollow ball of silver, glass, or other 
material, with a graduated scale rising from the upper part. 
A weight is attached below the ball. When the instrument 
thus constructed is immersed in a fluid, the specific gravity 
of the fluid is estimated by the portion of the scale that re- 
mains above the surface of the fluid. The greater the 
specific gravity of the fluid, the less will the scale sink. 

66. The hydrometer is a very useful instrument for as- 
certaining the purity of many articles in common use. It 

jff/nJb to a certain determinate depth m vvnouA fluids, and if 
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the fluids be adulterated the hydrometer will expose the 
cheat. Thus, for instance, the specific gravity of sperm oil 
is less than that of whale oil, and of course has less buoyancy. 
If, therefore, the hydrometer does not sink to the proper 
mark of sperm oD, it will at once be seen that the article is 
not pure. 

67. Hydraulics. — Hydraulics treats of fluids in 
motion, and the instruments by which their motion 
is guided or controlled. 

68. This branch of Hydronamics describes the effects 
of Hquids issuing from pipes and tubes, orifices or apertures, 
the motion of rivers and canals, and the forces developed 
in the action of fluids with solids. 

69. The quantity of a liquid discharged in a given time 
through a pipe or orifice is equal to a column of the liquid 
having for its base the orifice or the area of the bore of 
the pipe, and a height equal to the space through which 
the liquid would pass in the given time. 

70. Hence, when a fluid issues from an orifice in a vessel, 
it is discharigred with the greatest rapidity when the vessel 
from which it flows, is kept constantly full.* This is a ne- 
cessary consequence of the law that pressure is proportioned 
to the height of Hie oolomn above. 

71. When a fluid spouts from several orifices in the side of 
a vessel, it is thrown with the greatest random from the ori- 
fice nearest to the centre. 

72. A vessel filled with any liquid will discharge a greater 
quantity of the liquid through an orifice to which a short 
pipe of peculiar shape is fitted, than through an orifice of the 
same size without a pipe. 

This is caused by the cross-currents made by the rushing of 
the water from different directions towards the sharp-edged 
orifice. The pipe smooths the passage of the liquid. But, if 
the pipe project into the vessel, the quantity discharged wlQ 
be diminished, instead of increased, by the pipe. 

73. The quantity of a fluid discharged through a pipe or 

* The velocity with which a liquid issues from an infinitely small orifice in 
tire bottom or sides of a vessel that is kepi full, is equal to that wliich a heavy 
body would acquire by tailing^ from the level of the surface to \.\xe ^^n^VqI \!vkj^ 
orifice.— fJB«wk^.J 
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ED orifice is increased by heating the liquid ; becanse heat 
diminishes the cohesion of the particles, which exists to a 
certain degree, in all liquids. 

74. Water, in its motion, is retarded by the friction of 
the bottom and sides of the channel through which it passes. 
For this reason, the velocity of the surface of a running 
stream is always greater than that of any other part. 

75. In consequence of the friction of the banks and beds 
of rivers, and the numerous obstacles they meet in their 
circuitous course, their progress is slow. If it were not for 
these impediments, the velocity which the waters would 
acquire would produce very disastrous consequences.* An in- 
clination of three inches in a mile, in the bed of a river, will 
give the current a velocity of about three miles an hour. 

76. To measure the velocity of a stream at its surface, 
hollow floating bodies are used ; as, for example, a glass bottle 
filled with a sufficient quantity of water to make it sink just 
below the level of the current, and having a small flag pro- 
jecting from the cork. A wheel may also be caused to revolve 
by the current striking against boards projecting from the 
circumference of the wheel, and the rapidity of the current 
may be estimated by the number of revolutions in a given time. 

17, The velocity of a current of water at any portion of 
Fig. 10. its depth may be ascertained by im- 

mersing in it a bent tube, shaped like 
a tunnel at the end which is immersed. 

.78. Fig. 10 is a tube shaped like a 
tunnel, with the larger end immersed 
in an opposite direction to the current. 
The rapidity of the current is estima- 
ted by the height to which the water 
is forced into the tube, above the sur- 
face of the current. By such an in- 
strument the comparative velocity of 
different streams, or the same stream 
at different times, may be estimated. 




* fiee vhat ia stated with regard to fricUon m^o%. ^^ wA. ^Sft, Wiker'i 
AlecliHtiica, 
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79. "Waves are caused, first, by the friction between air 
and water, and secondly, and on a much grander scale, by 
the attraction of the sun and moon exerted on the surface 
of the ocean, producing the phenomena of the tides. 

The contriving hand of a benevolent Creator is seen more 
clearly in nothing, than in the laws and operations of the 
material world. W"ere it not for the almost ceaseless motion 
of the water, the- ocean itself would become a putrid mass. 
Decayed and decaying matter would be constantly emitting 
pestilential vapours, poisoning the atmosphere, and spreading 
contagion and death to every breathing inhabitant of the 
earth. The " ceaseless motion** mixes up the poisonous in- 
gredients, and prevents their floating on the surface.* 

81. The equilibrium of a fluid, according to recent disco- 
veries, cannot be disturbed by waves to a greater depth than 
about three hundred and flfty times the altitude of tne wave. 

82. When oil is poured on the windward side of a pond, 
the whole surface will become smooth. The oil protects the 
water from the friction of the wind or air. It is said that 
boats have been preserved in a raging surf, in consequence of 
the sailors having emptied a barrel of oil on the water. 

83. The instraments or machines for raising or 
drawing water, are the common pump, the forcing 
pump, the chain pump, the siphon, the hydraulic 
ram, and the screw of Archimedes. 

[The common pump and the forcing-pnmp will be noticed in con- 
nection with Pneumatics, as their operation is dependent upon prin- 
ciples explained in tflat department of Philosophy. The fire-en- 
gine is nothing more than a double forcing-pump, and will be noticed 
in the same connection.] 

84. The chain pump is a machine by which the 
water is lifted through a box or channel, by boards 
fitted to the channel and attached to a chain. It 
has been used principally on board of ships. 

* The andulations of largre bodies of water have also produced material 
chan^«8 on the face of the glohe, purposely designed bjr Creative Wisdom 
workms^ by secondary causes, the uses of which are de&CT\\)ei\. Vn Wia vLV^a^i.^ 
of Geologry. 
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85. Fig. 11 represents a Chain-pump, 
It consists of a square liox, through whicd 
a number of squRre boards or buckets, 
connected by a chain, is made to pass. 
The chain passes over the wheel C and 
under the wheel D, which is under water. 
The buckets are made to fit the box, ao 
as to move with little friction. The upper 
wheel C is turned by a crank, (not repre- 
sented in the Fig.) which causes the chain 
with the buckets attached to pass through 
the bos. £ach backet as it enters the box 
lifts lip the water above it, and discbarges 
It at the top. 

86. The Ecrew of Arcliimedes is 
a iiiHcliine eaid to have been inTented 
by the philosopher Arcbimedcs, for 
raising water and draining the lands 

^ of Egypt, about two hundred years 
^ before the Christian era. 

Fig. 12 represents the 
screw of Archimedes, 
A single tube, or two 
tubes are wound in the 
form of a screw around 
a shaft or cylinder, sup- 
ported by the prop and 
the pi?Dt A, and turned 
. bythehandlcB. Asthe 
end of the tube dips into 
the water.it is filled wiiU 
the fluid, which is forced 
up the tube by overv 
successive revolution, until it is discharged at the upper end. 
87. The Siphon is a tube bent in the form of the 
letlprU. one side Jaeiiig a little longt^r than the other, 
to contain a longer column of the fl«vd. 
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88. Fig 13 represents a Siphon. A siphon is ** 
used by tilling it with water or some other fluid, >^ 
then stopping both ends, and in this state immer- ' > ^ 
sing the shorter leg or side into a vessel contuin- 
ing a liquid. The ends being then unstopped, the 
liquid will run through the siphon until the vessel ^ 
is emptied. In performing this experiment, the end 
of the siphon which is out of the water must always 
be below the surface of the water, 

89. The principle on which the siphon acts is, that 
the longer column having the greater hydrostatic ^ 
pressure, the fluid will run down in the direction of that 
column. The upward pressure m the smaller column will 
supply a continued stream so long as that column rests 
below the surface of the water. 

[N.B. This principle will be better understood after the principle 
is explained on which the operation of the common pump depo^iids ; 
for the upward and downward pressure both depend on the pressure 
of the atmosphere.] 

90. The siphon may be used in exemplify in pf the equilibrium 
of fluids ; for, if the tube be inverted, and two liquids of dif- 
ferent density poured into the legs, they will stand at a height 
in an inverse proportion to their specitic gravity. Thus, as 
the specific gravity of mercury is thirteen times pn^eater than 
that of water, a column of mercury in one leg will balance a 
column of water in the other thirteen times higher than itself. 
But, if but one fluid be poured into both legs, that fluid will 
stand at equal height in ooth. 

91. The toy called Tantalus'* Cup consists of a goblet 
containing a wooden figure, with a siphon concealed within. 
The water being poured into the cup until it is above the 
l)end of the siphon, rises in the shorter leg, which opens 
into the cup, and runs out at the longer end, which pierces 
the bottom. 

• Tantalus, in heathen naytholojry, is represented as the victim of perpa* 
tnal thimt, althoug:h placed up to the chin in a pool of water j for as soon as 
be attempts to stoop to <lr ink, the water flows away from his grasn; hence 
our Knfflish word tantalize takes its ori^j^in. In ihe toy d«»CY\V»^ >ic«iNfe, Vw^ 
siphon carries the water awuy before it reaches t\ie mov\l\\ ul X\« tk^k'^x*. 
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^ig. 14^ 92. Fig. 14 represents the cup with the siphon, 
the figure of the man being omitted, in order that 
the position of the siphon may be seen. 

93. The Hydraulic Ram* is an inge- 
nious machine^ constructed for the pur- 
pose of raising water by means of its pwn impulse 

or momentum. 

94. In the construction of an hydraulic ram, there must 
be, in the first place, a spring or reservoir elevated at least 
four or five feet above the horizontal level of the machine, f 

Secondly, a pipe must conduct the water from the reser- 
voir to the machine, with a descent at least. as great as one 
inch for every six feet of its length. 

Thirdly, a channel must be provided by which the super- 
fluous water may run off. 

95. The ram itself consists of a pipe having two apertures, 
both guarded by valves of sufficient gravity to fall by their 
own weight, one of which opens downwards, the other 
opening upwards into an air-tight chamber. An air-vessel 

* The Hydraulic Ram, sometimes called by its French name, B^ier Hy- 
drauliCf in its present form, was invented by Monteolfier, of Montpelier. An 
instrument or machine of a similar construction nad been previously con- 
structed by Mr. Whitehurst, at Chester, but ranch less perfect in its mode of 
action, as it required to be opened and shut by the hand by means of a stop- 
cock. Monti^olfier's machine, on the contrary, is set in motion by the action 
of the water Itself. 

t Such an elevation may easily be obtained in any brook or stream of run- 
ning: water by a dam at the upper part of the stream, to form a reservoir. It 
has been calculated that fur every foot of fall in the pipe running from the 
reservoir to the ram, sufficient power will be obtained to raise atK>ut a sixth 
part of the water to the height of ten feet. With a fall of only four feet and 
a half, sixty-three hundred gtillons of water have been raised to the heig^ht of 
one hundred and thirty-four feet. But, the higher the reservoir, the theater 
the force with which the hydraulic ram will act. The operation of the princi- 
ple by which the hydraulic ram acts is familiar to those who obtain water fur 
domestic purposes by means of pipes from an elevated reservoir, as is the 
case in many of our large cities. A sudden stoppage of the flow, by turning 
the cock too quickly, causes a jarring of the pipes, wliich is distinctly per- 
ceived, and often loudly heard all over the building. This is due to tlte 
sudden change from a state of rapid motion to a state of rest. The inertia 
of the fluid, or its resistance to a change from a state of rapid motion to a 
state of rest, a property which it possesses in common with all other kinds of 
matter, explains the cause of the violent jarring of the pipes, the stopping of 
which arrests the motion of the fluid ; and the violence, which is in exact pro- 
portion to the momentum of the fluid, is sometimes so great as to burst the 
pipes. 
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is generally attached to the chamber, for the purpose ut' 
causing a steady stream to flow from thu chamber, through 
another pipe, to the desired point where the wMet is to bt 
discharged. 

96. Fig. 15 represents the hydraulic ram. A ]3 repre- 
sents the tube, or body of the ram, having two apertures, I J 
and D, both guarded by valves; C opening dowuwurJs, D 




opening opwarda, and both falling by their own weiglit. 
XJet ua now suppose the valve C to be open, and D (^liut. 
The water, descending through the tube A fi with a force 
proportionate to the height of the reservoir, forces up the 
valve C and closea the aperture, thus suddeuly arresting 
the-curreut, and causing by its reaction, a pressure through- 
out the whole length of the pipe; this pressure forces up 
the valve D, and causes a portion of the water to enttr 
the chamber above D. The current having thus spent 
ita force, thevalve C immediately falls bv its own weiglit, 
by which means the current is again permitted to flow to. 
wards the aperture C. The pressure at D thereby being 
removed, that valve immediately falls, and closes the 
aperture. When this takes place, everything is in the 
same state in which it was at first. The water again begins 
to flow through the aperture at C, Bga\n c\ow.t\% "Cwa 
valve, »i>d again opening Dj and the same eSwXa mt ^^- 
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peated at intervals of time, which, for the same ram, un- 
dergo but little variation. 

, The water being thus furced into the chamber E, as it 
caniiut return through the valve D, it mu&t proceed upwards 
through the pipe G. and is i hue carried to any desired poiut 
of discharge. An air-vessel is frequently attached to tlie 
cliamber of the ram, which performs tbe same office as it 
does in the forcing-pump, namely, to cause a steady stream 
to flow from the pipe G. The action, both of the ram and 
the forcing-pump, vrithout the air-vessel, would be spas- 
modic* 

97- Sprinos and RivtTLKTs. — Spnngs and rivulets are 
formed by the water from rain, snow &c , which penetrates 
the eurch, and descends until it meets a substance which it 
cannot penetrate. A reservoir is then formed by the union 
of small streams under ground, and the w 
accumulate until it finds an outlet. 



earth, a, c, and e are strala, either porous, or full of cracks, 
which permit the water to flow through, while i. d, and/, 
are impervious to the water. Now, according to the laws of 
hydrostatics, the water at b will descend and form a natural 

• The iimpricity and economy of Ihii mode o( raisinr "iter have cnUMd 
It to be QQlie eileniivelT Kiopfed in theNortbern SlitFa of America. Wben 
neltcontltucted, an hydraulic i«n vrilllut for years, mvolvinc no uddilioiiiil 
trouble and Bipeme, more llian oceationally Jealherinr the vaivci when iher 
have been too much worn hy ti-iction. The origin o( llie uame »ill be readilr 
ywivji'slfroni the mode o/iiaaciion. " ' . 

- Kl fwteiD paalai *.%f, Tilyte M Intet siendum, 
ttoeurMfeci>;.fO, tWHdytril Ilk, c«eVJ."_ViT9.'ttM«NK »,,,», 



SPRINGS AND RIVULETS. 



So 



spring at ff : at i it will run with considerable force, formin<^ 
a natural jet ; and at /, p and t/^ artesian wells may bo dug 
in which the water will rise to the respective heights (/ h, 
p k, and I m, the water not being allowed to come into con- 
tact with the porous soil through which the bore is made, 
but being brought in pipes to the surface ; at 71 the water 
will ascend to about 0, and there w'dl be no fountain. This 
explains^ also, the manner in which water is obtained by 
digging weUs. 

98. A spring will rise nearly as high, but cannot rise 
higher than the reservoir from whence it issues. 

Friction prevents the water from rising quite as high as the re- 
servoir. 

99. Water may be conveyed over hills and valleys in bont 
pipes and tubes, or through natural passages, to any height 
which is not greater thiui the level of the reservoir from 
whence it flows. 

100. The ancient Eomans, ignorant of this property of 
fluids, constructed vast aqueducts across valleys, at ^reat ex- 
pense, to convey water over them. The moderns eS'ect the 
same object by means of wooden, metallic, or stone pipes. 

101. Fountains are formed by water carried through na- 
tural or artificial ducts from a reservoir. The water will 
spout from the ducts to nearly the height of the surface of 
the reservoir. 

102. In Fig. 16 a fountain is represented at i, issuing 
from the reservoir, the height of which is represented by 
a c. The jet at i will rise nearly as high as c. 

103. A simple method of making an arti- 
ficial fountain may be understood by Fig. 1 7. 
A glass siphon, a be, is immersed in a vessel 
of water, and the air being exhausted from , 
the siphon, a jet will be produced at a, pro- 
portioned to the fineness of the bore and the 
length of the tube. 

[N.B. The force of this kind of artificial jet is 
in a great measure dependent on a pneumatic pria- 
ciple.J 

JO^. Hero's Fountain, — The hvdrauiVc 



Fig. 17. 
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instrument called Hero's Fountain is an apparatus for pro- 
jecting water by means of the pressure of confined air. 

Fig. 18 represents Hero's Fountain. It consists of two 
Fig. 18. vessels, both air-tight, and communicating by 

a pipe, which, being inserted into the top of 
the lower vessel, reaches nearly to the top of 
the upper vessel, which is in two parts, the 
upper part being filled with water, which 
descends in a pipe, seen on the right in the 
figure, to the lower vessel, and, as it fills the 
lower vessel, condenses the air, forcing it up 
through the left hand pipe, and causing it 
to press on the surface of the water in the 
lower part of the upper vessel. The water 
in the upper vessel is thus forced through the 
central pipe in a jet, to a height nearly as great 
as the length of the pipe on the right. The 
supply of water is furnished in the upper part of the upper 
vessel, which may always be kept full by any external supply. 

105. Mechanical Agency op Fluids. — Water 
becomes a mechanical agent of great power by 
means of its weight, its momentum, and its fluidity. 

It is used as the moving power of presses, to raise portions 
of itself, and to propel or turn wheels of difierent construc- 
tions, which, being connected with machinery of various 
kinds, form mills and other engines, capable of exerting great 
force. 

106. Pneumatics. — Pneumatics treats of the me- 
chanical properties and effects of air and similar 
fluids, called elastic fluids and gases, or aeriform 
fluids. 

107. Aeriform fluids are those which have the form of 
air. Many of them are invisible,* or nearly so^ and all of 
them perform very important operations in the material 
world. But, notwithstanding that they are in most instances 

* Oanes are all Invisible, except YrYien colouced^, fiXAOd Xiv^^ta «ii\^ in a 
few inatanccs. 
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imperceptible to our sight, they are really material, and pos- 
sess all the essential properties of matter. They possess, 
also, in an eminent degree, all the properties which have 
been ascribed to liquids in general, besides others by which 
they are distinguished from liquids. 

108. Elastic fluids are divided into two classes, namelv, 
permanent gases and vapours. The gases cannot be con- 
verted into the liquid state by any known process of art ; 
but the vapours are readily reduced to the liquid form, either 
by pressure or diminution of temperature. There is, how- 
ever, no essential difference between the mechanical proper- 
ties of both classes of fluids. 

109. As the air which we breathe, and which surrounds 
us, is the most familiar of all this class of bodies, it is gene- 
rally selected as the subject of Pneumatics. But it must be 
premised that the same laws, properties, and effects, which 
belong to air, belong in common also to all aeriform jluids or 
gaseous bodies, 

110. There are two principal properties of air, namely, 
gravity and elasticity. These are called the principal pro- 
perties of this class of bodies, because they are the means 
by which their presence and mechanical agency are especially 
exhibited. 

111. The distinction between a fluid and a liquid has al- 
ready been described in No. 4, from which it appears 
that, although the aeriform fluids all have weight, they ap- 
pear to possess no cohesive attraction. 

112. The great de^ee of elasticity possessed by all aeriform 
fluids renders them susceptible of compression and expansioii 
to an almost unlimited extent. The repulsion of their parti- 
cles causes them to expand, while wiihm certain limits they 
are easily- compressed. This materially affects the state of 
density and rarity under which they are at times exhibited.* 

113. It may here be stated, that all the laws and proper- 
ties of liquids (which have been described under the heads 

• The terms " rarefaction »' ttnd " co7idcnmt}on,'* and "j-arefifd " and 
•* condented," must be clearly understood in tU s cotvtvcxxqw. 'V\\vs.>i %x^ *:^ 
plied respeciirely to the exp&usion and coiuyre&'ivovv ol a\)Q<\>i. 
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of Hydrostatics and Hydraulics) belong also to aeriform 
fluids. 

The chemical properties of both liquids and fluids belong 
peculiarly to the science of Chemistry, and are not, therefore, 
considered in this volume* 

114. The air which we breathe is an elastic fluid, 
surrounding the earth, and extending to an indefi- 
nite distance above its surface^ and constantly de- 
creasing upwards in density. 

115. It has already been stated that the air near the sur- 
face of the earth bears the weight of that which is above it. 
Being compressed, therefore, by the weight of that above it, 
it must exist in a condensed form near the surface of the 
earth, while in the upper regions of the atmosphere, where 
there is no pressure, it is highly rarefied. This condensation, 
or pressure, is very similar to that of water at great depths 
in the sea.* 

116. As the air diminishes in density upwards, it follows 
that it must be more rare upon a hill than on a plain. In 
very elevated situations it is so rare that it is scarcely fit for 
respiration or breathing, and the expanision which takes 
])lace in the more dense air contained within the body is often 
])ainftil. It occasions distension, and sometimes causes the 
bursting, of the smaller blood-vessels in the nose and ears. 
Besides, in such situations we are more exposed both to heat 
and cold ; for though the atmosphere is itself transparent, its 
lower regions abound with vapours and exhalations from 
the earth, which float in it, and act in some degree as a co- 
vering, which preserves us equally from the intensity of the 
sun's rays, and from the severity of the cold. 

117. Besides the. two principal properties, gravity f and 

* The air is necessary to animal and veg'etable life, and to combustion. It 
is a very heterogeneous mixture, being nlled with vapours of all kinds. It 
consists, however, of two princip.il ingredients, called oxygen and nitrogen, or 
azote ; of the former of which there are twenty-eight parts, and of the latter 
seventy two, in a hundred. The air is not visible, because it is perfectly 
tmns|)arent. It may be felt when it moves in the form of wind, or by swing- 
ing the hand rapidly backwards and forwards. 

t It has been computed that the weight of the whole atmosphere is e^nal to 
tAat of a g-Jobe of 1^ sixty rniie^ in diameter, or to Ave thousaud billions 

O/'^O/iS. 



PNEUMATICS. 39 

elasticity, the operations of which prodace most of the pheno- 
mena of Pneumatics, it will be recollected that as air, al- 
though an invisible is yet a material substance, possessinor all 
the common properties of matter, it possesses also the common 
property of impenetrability. This will be illustrated by expe- 
riments. 

118. The pressure of the atmosphere caused by its weight 
is exerted on all substances, internally and externally, and 
it is a necessary consequence of its fluidity. The body of 
a man of common stature has a surface of about 2000 
square inches, whence the pressure, at 15 pounds per square 
inch, will be 30,000 pounds. The reason why this im- 
mense weight is not felt is, that the air within the body and 
its pores counterbalances the weight of the external air. 
When the external pressure is artificially removed from any 
part, it is immediately felt by the reaction of the internal air. 

119. Heat insinuates itself between the particles of bodies 
and forces them asunder, in opposition to the attraction of 
cohesion and of gravity ; it therefore exerts its power against 
both the attraction of gravitation and the attraction of cohe- 
sion. But as the attraction of cohesion does not exist in 
aeriform fluids, the expansive power of heat upon them has 
nothing to contend with but gravity. Any increase of tem- 
perature, therefore, expands an elastic fluid prodigiously, 
and a diminution of heat condenses it. 

120. A column of air having a base an inch square, and 
reaching to the top of the atmosphere, weighs about 15 
pounds. This pressure, like the pressure of Hquids, is ex- 
erted equally in all directions. 

121. The elasticity of air and other aeriform fluids is 
that property by which they are increased or diminished in 
extension, according as they are compressed. 

1 22. This property exists in a much greater degree in 
air and other similar fluids than in any other substance. In 
fact, it has no known limit ; for^ when the pressure is re- 
moved from any portion of air, it immediately expands to 
such a- degree that the smallest quantity will diflfuse itselE 
over an inde&mtely large space. And, on. >i^<^ ^wvX.x'^xh^ 
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when the pTessure is increased, it will be compressed into 
indefinitely small dimensions. 

123. Tlie elasticity or pressure of air and all gases 
18 in direct proportion to their density ; or, what is 
tlie same thing, inversely proportional to the space 
which the fluid occupies. This law, which was dis- 
covered by Mariotte, is called " Mariotte^s Law,^^ 
This law may perhaps be better expressed in the 
following language ; namely, the density of an elastic 
fluid is in direct proportion to the pressure which it 
sustains. 

124. Air becomes a mechanical agent by means of its 
weight, its elasticity, its inertia, and its fluidity. 

135. The fluidity of air invests it, as it invests all other 
liquids, with the power of transmitting pressure. But it 
has already been shown, under the head of Hydrostatics, 
that fluidity is a necessary consequence of the independent 
gravitation of the particles of a fluid. It may, therefore, be 
included among the efiects of weight. 

126. The inertia of air is exhibited in the resistance which 
it opposes to motion, which haS already been noticed under 
the head of Mechanics.* This is clearly seen in its effects 
upon falling bodies, as will bo exemplified in the experiments 
with the air-pump. 

127. A Vacuum is a space from which air and 
every other substance have been removed. 

128. The Torricellian vacuum was discovered by Torri- 
celli, and was obtained in the following manner : A tube, 
closed at one end, and about thirty-two inches long, was 
filled with mercury ; the open end was then covered with 
the finger, so as to prevent the escape of the mercury, and 
the tube inverted and plunged into a vessel of mercury. 
The finger was then removed, and the mercury permitted 
to run out of the tube. It was found, however, that the 

• The ffy, as it is called in the mechanism of a clock by which the hours 
are struck, is an instance of the application of the inertia of (he air m 
AfecAanJcs. 
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mercury still remained in the tube, to the height of about 
thirty inches, leaving a vacuum at the top of about two 
inches. This vacuum, called from the discoverer the Tor- 
ricellian vacuum, is the most perfect that has been disco- 
vered.* 

129. As this is one of the most important discoreries of tlio 
science of Pneumatics, it is thought to be deserving of a 
laboured explanation. The whole phenomenon is the result 
of the equilibrium of fluids. The atmosphere, pressing by its 
weight (fifteen pounds on every square inch) on the surface 
of me mercury in the vessel, counterpoised the column of 
mercury in the tube when it was about thirty inches high, 
showing thereby that a column of the atmospliere is equal 
in weight to a column of mercury of the same base, having a 
height of thirty inches. Any increase or diminution in tne 
density of the air produces a corresponding alteration in 
its weight, and, consequently, ii\ its ability to sustain a longer 
or a snorter column of mercury. Had water been used 
instead of mercury, it would have required a height of about 
thirty-three feet to counterpoise the weight of the atmospheric 
column. Other fluids may be used, but the perpendicular 
height of the column of any fluid, to counterpoise the weight 
of me atmosphere, must be as much greater tnan that of mer- 
cury as the specific gravity of mercury exceeds that of the 
fluid employed. 

130. This discovery of Torricelli led to the construction of 
the barometer ,t for it was reasoned, that if it was the weight 

* Torricelli was a pupil of the celebrated Galileo. The Grand Duke of 
Tuscany having: had a dee|) well dufi:, the workmen found that the water 
would rise no hig^her than thirty-two feet. Galileo was applied to for an ex- 
planation of the reason, without success. Torricelli conceived the idea of 8U^>- 
stitutinr mercury for water, arg^uin^ that if it was the pressure of the atmos- 
phere that would raise the water in the pump to the heigfht of thirty-two feet, 
that it would sustain a column of mercury only one-fourteenth as hi^h, 
or thirty inches only, on account of its g^reater specific g^avi y. He therefore 
determined to test it by experiment. He according:Iy filled a small gr>a8s 
tnbe, about four feet long, with mercury, and stopping: the open end with 
his finger, he inverted it into a basin of mercury. On removing his finper, 
the mercury immediately descended in the tube, and stood at the height of 
about thirty inches ; thus demonstrating;: the fact, that it was the pressum 
of the air on the surface of the mercury m the one case, and of the water in 
the other, that sustained the column of mercury in the tube, and of the 
water in the pump. 

t Among those to whom the world is indebted for the invention of the 
barometer, and its applications in science, may be mentioned the nonve."^ <^1 
Despartea. Pascal, Morieune, and Boyle. T\ieomVM\V\«ft.V&^^<^ X<(^*\.^\tv- 
celU's experiment. 
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of the atmosphere which sustained the column of mercury, 
that on ascending any eminence the column of mercui'y 
would descend in proportion to the elevation. 

131. The Barometer is an instrument to measure 
the weight of the atmosphere, and thereby to indi- 
cate the variations of the weather.* 

132. Fig. 19 represents a barometer. It consists of 
a long glass tube about thirty-three inches in length, 
closed at the upper end, and filled with mercury. 
The tube is then inverted in a cup or leather bag of 
mercury, on which the pressure of the atmosphere 
is exerted. As the tube is closed at the top, it is 
evident that the mercury cannot descend in the tube 
without producing a vacuum. The pressure of the 
atmosphere (which is capable of supporting a column 
of mercury of about thirty inches in height) pre- 
vents the descent of the mercury j and the in- 
strument thus constructed, becomes an implement 
for ascertaining the weight of the atmosphere. As the air 
varies in weight or pressure, it must, of course, influence 
the mercury in the tube, which will rise or fall in exact pro- 
portion with the pressure. When the air is thin and light, 
the pressure is less, and the mercury will descend j and, 
when the air is dense and heavy, the mercury will rise.f 
At the side of the tube there is a scale, marked inches and 
tenths of an inch, to note the rise and fall of the mercury. 

133. The barometer, as thus constructed, only required 
the addition of an index and a weather-glass, as seen in 
Fig. 20, to give a fair and true announcement of the state 
and weight of the atmosphere. The instruments are now 

* The word barometer is from the Greek, and signifies " a. measure of the 
ioeightf" that is, of the atmosphere. 

t The elasticity of the air causes an increase or diminution of its bulk, ac« 

cording as it is affected by heat and cold ; and this increase and diuiinuiion of 

bulk materially affects its specific gravity. The height of a column of mer- 

cury that can be sustained by a column of the atmosphere must, therefore, 

boMObcted by the «tote o/the atmosphere. 
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manufactared in several different forms. The ^J}^ ^' 
different forms of the barometer in general use ^~~^^ 
are the common Mercurial Barometer, the 
Diagonal, and the Wheel Barometer, all tf 
which are constructed with a column of mer- 
The Aneroid or Portable Barometer 
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cury. 

is a new instrument, in which confined air is 
substituted for mercury. This is a con- 
venient form of the instrument for portable 
purposes. But the principle is the same in 
all, and repeated observations daring the as- 
cent of the loftiest mountains in £urope and 
America have confirmed the truth of baro- 
metrical announcements : for, by its indica. 
tioDS, the respective heights of the acclivities 
in high regions can now be ascertained by 
means of this instrument better than by any 
other course, — with this advantage, too, that 
no proportionate height need be known to as- 
certain the altitude. 

134. The pressure of the atmosphere on 
the mercury, in the bag or cup of a baro- 
meter, being exerted on the principle of the 
equilibrium of fluids, must vary according to the situation 
in which the barometer is placed. For this reason, it will 
be the greatest in valleys and low situations, and least on 
the top of high mountains. Hence the barometer is often 
used to ascertain the height of mountains and other places 
above the level of the sea. 

135. The air is the heaviest in dry weather, and conse- 
quently the mercury will then rise hip:hest. In wet weather 
the dampness renders the air less salubrious, and it pppeavs 
therefore, more heavy then, although it is, in fact, much 
lighter. 

136. The greatest depression of the barometer occurs 
daily at about four o'clock, both in the morning and in the 
afternoon ; and its highest elevation at aboviX \.^w o^<5v^v^> 
morning and night In summer these extreme '^^^\t\\.^ '«x'^ 
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reached an hour or two earlier in the morning, and as much 
later in the afternoon. 

137. Rules have been proposed by which the changes of 
the weather may be predicted by means of the thermometer. 
Hence, the graduated edge of the instrument is marked with 
the words " rain" "fair" •* changeable" **Jrost" &c. These 
expressions are predicated on the assumption that the changes 
of the weather may correctly be predicted by the absolute 
height of the mercury. But on this, little reliance can be 
placed. The best authorities a^ree that it is rather the change 
in the height on which the predications must be made. 

138. As the barometer is much used at the present day, 
it has been thought expedient to subjoin a few general and 
special rules, from different authorities, by which some know- 
ledge of the uses of the instrument may be acquired. 

139. General Rules hy which Changes of the Weather may 
he prognosticated hy means of the Barometer* 

(1.) Generally the rising of the mercury indicates the approach of 
foul weather. 

(2.) In sultry weather, the fall of the mercury indicates coming 
thunder. In winter the rise of the mercury indicates frost. In frost 
its fall indicates thaw, and its rise indicates snow. 

(.3.) Whatever change of weather suddenly follows a change in the 
barometer, may be expected to last but a short time. Thus, if fair 
weather follow immediately the rise of the mercury, there will be very 
little of it, and, in the same way, if foul weather follow the fall of 
the mercury, it will last but a short time. 

(4.) If fair weather continues for several days, during which the 
mercury continually falls, a long succession of foul weather will pro- 
bably ensue : and, again, if foul weather continue for several days, 
while the mercury continually rises, a long succession of fair weather 
will probably succeed. 

(5.) A fluctuating and uncertain state in the mercurial column in- 
dicates changeable weather. — Lardner, page 74, Pneumatics. 

140. Special Rules hy which we may know the Changes of 

the weather hy means of the Barometer. j[ 

(I.) The barometer is highest of all during a long frost, and it 
generally rises with a north-west wind. 

(2.) The barometer is lowest of all during a thaw which follows a 
long frost, and it generally falls with a south or east wind. 

* These rules, says Dr. Lardner, from whose work they are extracted, may 
io some extent be relied upon, but they are subject to some uncertainty. 
t These rales are from a diflferent aut\iOT\lY* 
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(3.) Wliile the mercorj in the barometer stands above 30^ the air 
must be very dry or very cold, or perhaps both, and no rain may be 
expected. 

(4.) When the mercury stands very low indeed, there will never be 
much rain, although a fine day will seldom occur at such times. 

(5.) In summer, after a long continuance of fair weather, the baro- 
meter will fall gradually for two or three days before rain falls : but 
if the fall of the mercury be very sudden, a thunder-storm may be 
expected. 

(6.) When the sky is cloudless, and seems to promise fair weather, 
if the barometer is low, the face of the sky will soon be suddenly over- 
cast. 

(7.) Dark, dense clouds will pass over without rain, when the baro- 
meter is high ; but, if the barometer be low, it will often rain without 
any appearance of clouds. 

(8.) The higher the mercury, the greater probability of fair weather. 

(9.) When the mercury is in a rising state, fine weather is at hand ; 
but when the mercury is in a falling state, foul weather is near. 

(10.) In frosty weather, if snow falls, the mercury generally rises 
to 30^, where it remains so long as the snow continues to fall ; if after 
this, the weather clears up, very severe cold weather may be expected.* 

It will be observed that the barometer varies more in winter than 
in summer. It is at the highest in May and August ; then in June, 
March, September, and April. It is the lowest in November and Feb- 
ruary ; then in October, July, December, and January. 

141. Of tub Different States of the Barometer. — Of the 
Fall of the Barometer, — In very hot weather the fall of the barometer 
indicates thunder. Otherwise the sudden fall of the barometer leads 
to the expectation of high wind. 

In frosty weather, the fall of the barometer denotes a thaw. 

If we^ weather follow soon after the fall of the barometer, but 
little .of such weather may be expected. 

In wet weather, if the barometer falls, expect much wet. 

In fair weather, if the barometer falls and remains low, expect 
much wet in a few days, and probably wind, 

The barometer sinks lowest of all for wind and rain together : next 
te that for wind, except it be an east, or north-east wind. 

142. Of the Rise of the Barometer. — In winter the rise of the.baro- 
meter presages frost. 

In frosty weather, the rise of the barometer presages snow. 
If fair weather happens soon after the rise of the barometer, expect 
but little of it. 

• The rising and f&Wing state of the mercury may be clearly ascertainefl by 
observinfT the surface of the fluid. When the Burface is convex, tUe mev<Max^ 
is in a rising state, but nhen the surface is concave, \X \%Viw «kUt^^^vk^^^»^^« 
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In wet weather, if the mercury rises high and remains so, expect 
continued fine weather in a day or two. 

In wet weather, if the mercury rises suddenly very high, fine wea- 
ther will not last long. 

The barometer rises highest of all for north and west winds ; for 
all other winds, it sinks. 

143. The Barometer in an unsettled State.— If the motion of the 
mercury be unsettled, expect unsettled weather. 

If it stand at " mttch rain^** and rise to "changeable" expect fair 
weather of short continuance. 

If it stand at **fair" and fall to '^changeable" expect foul weather. 

Its motion upwards indicates the approach of fine weather ; its 
motion downwards indicates the approach of foul weather. 

144. The Thermometer. — The Thermometer* 
is an instrument to indicate the temperature of the 
atmospliere. It is constructed on the principle that 
heat expands^ and cold contracts most substances. 

145. The thermometer consists of a capillary tube, closed 
at the top and terminating downwards in a bulb. It i:^ 
filled with mercury, which expands and fills the whole length 
of the tube, or contracts altogether into the bulb, accord- 
ing to the degree of heat or cold to which it is exposed. 

Fig. 21. Any other fluid may be used which is expanded 
by heat and contracted by cold, instead of mer- 
cury. 

146. On the side of the thermometer is a scale 
to indicate the rise and fall of the mercury, and 
consequently the temperature of the weather. 

147. There are several different scales applied 
to the thermometer, of which those of Fahrenheit 
Reaumur, Delisle, and Celsius are the princi}tul. 
The thermometer in common use in this country, 
is graduated by Fahrenheit's scale, which, coni- 
mencing with 0, or zero, extends upwards to 212 
degrees, the boiling point of water, and down- 
wards to 20 or 30 degrees. The scales of Reau- 
mur and Celsius fix zero at the freezing point of 
water ; and that of Delisle at the boiling point. 



* Tfw irord " Thermometer^* is from the GrefcV, ivivd means " a meaturt of 
AeaL" '* JJjfffrometer** jneans ** a mecwure o/ wouturt?* 
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148. The Hygrometer. — The Hygrometer is an 
iustrument for showing the degree of moisture in the 
atmosphere. 

149. The hygrometer may be constructed of any ma- 
terial which dryness or moisture expands or contracts ; such 
as most kinds of wood, catgut, twisted cord, the beard of 
wild oats, &c. It is sometimes also composed of a scale 
balanced by weights on one side, and a sponge, or other sub- 
stance which readily imbibes moisture, on the other. 

150. By the action of the sun's heat upon the surface of 
the earth, whether land or water, immense quantities of vapour 
are raised into the atmosphere, supplying materials for all the 
water which is deposited again in the various forms of dew^ 
fog, rain, snow, and hail. Experiments have been made to 
show the quantity of moisture thus raised from the ground 
by the heat of the sun. Dr. Watson found that an acre of 
ground, apparently dry and burnt up by the sun, dispersed 
into the aur sixteen hundred gallons of water in the space of 
twelve hours. His experiment was thus made: He put a 
glass, mouth downwards, on a grass plot, on which it had not 
rained for above a month. In less than two minutes the in- 
side was covered with vapour ; and in half an hour drops began 
to trickle down its inside. The mouth of the glass was 20 
square inches. There are 1296 square inches in a square 
yard, and 4840 square yards in an acre. When the glass 
had stood a quarter of an hour, he wiped it with a piece of 
muslin, the weight of which had been previously ascertained. 
When the glass had been wiped dry, he again weighed the 
muslin, and found that its weight had increased six grains by 
tlie water collected from 20 square inches of earth ; a quan- 
tity equal to 1600 gallons from an acre, in 12 hours. Another 
experiment, after rain had fallen, gave a much larger quantity. 

151. When the atmosphere is colder than the earth, the 
vapour which arises from the ground, or a body of water, is 
condensed, and becomes visible. This is the way that fog is 
produced. When the earth is colder than the atmosphere, 
the moisture in the atmosphere condenses in the form of dew, 
on the ground, or other surfaces. Clouds are nothing more 
than vapour condensed by the cold of the upper regions of the 
atmosphere. Bain is produced by the sudden cooling of 
large q^uantities of watery vapour. Snow and hail ax^ "^xq* 
duced in a BunUar manner, and differ from, tb^ oyJN.^ m *^^ 
degree of cold which produces them. 
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162. The Ditek'b Bell or Divtng-bell. — The 
Diving-bell is a large vessel shaped like an inverted 
goblet, in wliich a person may safely descend to great 
depths Id the water. It is constructed on the prin- 
ciple of the impenetrability of air. 

153. It hiu already been stated that air, being a material 
flubstaace, posBeasesall the given eaaential properties of mat> 
ter, and among them tie property of impenetrabiUty. The 
weight of the air gi'ing it a pressure id every direction, or 
the property of Suidity, it penetratea and fills all tbinga 
kroand us, unless by mechanical means it be carefully ex- 
olndod. An open Tessel, of whatever kind, is always jiiU 
either of air or of some other aubstanee, and unless the air ia 
first permitted to escape, no other substance can take the place 
of the air. 

154. K a tnmbler be inverted and immersed in water, the 
water will not rise in the tumbler, because the air in the tum- 
bler fills it. If the tumbler be inclined so as to let the air 
Bseend in obedience to the laws of the equihbrium of fluii^s, 
the water will rush in and displace the air, while the lighter 

Fig. 19. ^< aeoeoding, rises to the surface of the 

water. If this experiment be made with a 
•. bottle, the air will rise in bubbles with a 
' Burgling sound. The same experiment may 
be made with a tube closed at one end by 
the finger; the water will not enter the tube 
until, by the removal of the finger, the air 
be permitted to escape. It is on this priu- 
ciple that the diving-bell is constructed. 

155. Fig. 22 represents a diving-l)ell. 
It consists of a large heavy vessel, formed 
like a bell (but may be made of any other 
shape), with the mouth open. It de- 
scends Into the waterwith its mouth down- 
wards. The air within it having no out- 
let, it is compelled by the order of spe- 
cific gravities to ascend in the bell, and 
thus (as water and air cannot occupy the 
same space at the same time) prevents 
the wster from rising in the bell. A pec- 
son, therefore, may descend with safety 
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in the bell to a great depth in the eea, and thus re- 
cover valuable articles that have been lost. A constant 
supply of fresh air is sent down either by means of barrels, 
or by a forcing-pump. In the Figure, B represents the 
bell with the diver in it. C is a bent metallic tube at- 
tached to one side, and reaching the air within ; and P 
is the forcing-pump, through which air is forced into the 
bell. The forcing-pump is attached to the tube by a joint 
at D. When the bell descends to a great depth, the pres- 
sure of the water condenses the air within the bell, and 
causes the water to ascend in the bell. This is forced out 
by ^constant accessions of fresh air, supplied as above men- 
tioned. Great care must be taken that a constant supply of 
fresh air is sent down, otherwise the lives of those within 
the bell will be endangered. The heated and impure air is 
allowed to escape through a stop-cock in the upper part of 
the bell. 

156. The Common Water-Pump. — Water is 
raised in the common pump by means of the pres- 
sure of the atmosphere on the surface of the water. 
A vacuum being produced by raising the piston or 
pump-box,* the water below is forced up by the at- 
mospheric pressure, on the principle of the equili- 
brium of fluids. On this principle the water can be 
raised only to the height of about thirty -three feet, 
because the pressure of the atmosphere will sustain a 
column of water of that height only. 

1 57. Fig. 23 represents the common pump, improperly 
called the sucking- pump. The body consists of a large 
tube, or pipe, the lower end of which is immersed in the 
water which it is designed to raise. P is the piston, Y a 

* In order to produce such a vacaum, it ia neceiaary that the piston <Mr 
box should be accurately fitted to the bore of the pump ; for, if the air above 
the piston has any means of rushing in to fill the vacuum, as it is produced 
by the raistnr of the piston, the water will not ascend. The piston is gene- 
rally worked oy a lever, which is the handle of the pump, not represented in 
the figure. 
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Fig;. 23. 
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valve* in the piston which, opening upwards, ad- 
mits the water to rise through it, but prevents its 
return. Y is a similar valve in the body of the 
pump, below the piston. When the pump is not in 
action, the valves are closed by their own weight ; 
but when the piston is raised, it draws up the 
column of water which rested upon it, producing 
a vacuum between the piston and the lower valve 
Y. The water below immediately rushes through 
the lower valve and fills the vacuum. When the 
piston descends a second time, the water in the 
y^Y body of the pump passes through the valve V, 
and on the ascent of the piston is lifted iip by the 
piston, and a vacuum is again formed below, which 
is immediately filled by the water rushing through 
the lower valve Y. In this manner the body of the 
pump is filledwith water, imtil it reaches the spout 
S, where it runs out in an uninterrupted stream. 
158. In the description here given of the common pump, 
as well as in the figure, it will be observed that the common 
form of the handle of the pump is not noticed. The handle 
of the pump is merely a lever of the first kind ; the fulcnim 
is the pin which attaches it to the pump, and the iron rod 
connected with the upper valve of the pump is raised or 
depressed by means of the handle. 

159. Although water can be raised by the atmospheric 
pressure only to the height of thirty-three feet above the sur- 
face, the common pump is so constructed that, after the pres- 
sure of the atmosphere has forced the water through the 
valve in the body of the pump, and the descent of the piston 
has forced it through the valve in the piston, it is lifted up 
when the piston is raised. For this reason this pump is some- 
times called' the lifting pump. The distance of me lower 
valve from the surface of the water must never exceed thirty- 
two feet, and in practice it must be much less. 

* A valve is a lid, or cover, so contrived as to open a commanication in one 
way and close it in the other. Valves are made in diflferent ways, according 
to the use for which they are intended. In the common pump they are 
generally made of thick leather i>artiy covered with wood. In the air-pump 
tliey are nrade of oiled silk, or thin leather softened with oil. The clapper of 
a pair of bellowa is a familiar specimen of a valve. The valves of a pump are 
commonly called boxes* 
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160. The Forcing-pump. — The Forcing-punij) 
differs from the common pump in having a forcing 
power added, to raise the water to any desired 
height. 

161. Fig 24 represents the forcing-pump. The body 
and lower valve V are similar to those Fig. 24. 

in the common pump. The piston P 
has no valve^ but is solid ; when, there- A 
fore, the vacuum is produced above the 
lower valve, the water, on the descent 
of the piston, is forced through the 
tube into the reservoir or air-vessel R, 
where it compresses the air above it. 
The air, by its elasticity, forces the 
water out through the jet J in a con- 
tinued str^m, and with great force. 
It is on this principle that fire- 
engines are constructed. 

Sometimes a pipe with a valve in it is substituted for the 
air-vessel ; the water is then thrown out in a continued 
stream, but not with so much force. 

162. Thb Firb-bnoinb consists of two forcing-pumps, 
worked successively by the elevation and depression of two 
long levers of the second kind, called '* Brakes.*' 

163. The Air-pump. — The Air-pump is a ma- 
chine constructed on the principle of the elasticity 
of the air, for the purpose of exhausting the air from 
a vessel prepared for the purpose. This vessel is 
called a receiver, and is made of glass, in order that 
the effects of the removal of the air may be seen. 




164. Air-pumps are made in a grreat variety of forms : but all 
are constructed on the principle that, when any portion of con- 
^ned air is removed, the residue, immediately expanding, by 
its elasticity fills the space occupied by the portion that has 
been withd&awn. 



52 



PNEUMATICS. 



Figr. S9. 




165. Fig. 25 represents a Bingle-borrel air-pump, used 

both for condeDsing and ex- 
hausting. A D is the stand 
or platform of the instru- 
ment, which is screwed 
down to the table by means 
of' a clamp, underneath, 
which is not represented in 
the figure. R is the glass 
vessel, or bulbed receiver, 
from which the air is to be 
exhausted. P is a solid 
piston accurately fitted to 

""Y®' t^® ^^^ °^ *^® cylinder, 
TQ and H the handle by which 
CT^ it is moved. The dotted 
Kne T represents the communication between th§ receiver R 
and the barrel B ; it is a tube through which the air, enter- 
ing at the openmg I, on the plate of the pump, passes into 
the barrel through the exhausting valve b v. c y is the 
condensing valve, communicating with the barrel B by 
means of an aperture near e, and opening outwards through 
the condensing pipe jt?. 

166. The operation of the pump is as follows : The pis- 
ton P being drawn upwards by the handle H, the air in the 
receiver R, expanding by its elasticity, passes by the aper- 
ture I, through the tube T, and through the exhausting valve 
B V, into the barrel. On the descent of the piston, the air 
cannot return through that valve, because the valve opens 
upwards only : it must, therefore, pass through the aper- 
ture by the side of the valve, and through the condensing 
valve c V, into the pipe p^ where it passes out into the open 
air. It cannot return through the condensing valve c v, 
because that valve opens outwards only. By continuing 
this operation, every ascent and descent of the piston P 
must render the air within the receiver R more and more 
rare, until its elastic power is exhausted. The receiver is 

tAen Bald to be exhausted ; and, although it still contains a 
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small quantity of air, yet it is in so rare a state that the 
space within the receiver is considered a vacuum. 

167. From this statement it will appear that a perfect va- 
cuum can never be obtained by the air-pump as at present 
constructed. But so much of the air within a receiver may 
be exhausted that the residue will be reduced to such a degree 
of rarity, as to subserve most of the practical purposes of a 
vacuum. The nearest approach made to a perfect vacuum, is 
the famous experiment of Torric^lli, which has been explained 
in No. 128. That would be a perfect vacuum, were there 
not vapour rising from the mercury. 

168. From the explanation which has been given of the 
operation of this air-pump, it will readily be seen that, by 
removing the receiver R, and screwing any vessel to the 
pipe p, the air may be condensed in the vessel. Thus the 
pump is made to exhauster to condense, without alteration. 

169. Air-pumps in general are not adapted for condensa- 
tion ; that office being performed by an instrument called 
" a condensing syringe,*' which is an air-pump reversed, its 
valves being so arranged, as to force air into a chamber, in- 
stead of drawing it out. For this purpose, the valves open 
inwards in respect to the chamber, while in air-pumps they 
open outwards. 

170. A guage, constructed on the principle of the baro- 
meter, is sometimes adjusted to the air-pump, for the purpose 
of exhibiting the degree of exhaustion. 

171. The double air-pump differs from the single air- 
pump, in having two barrels and two pistons ; which, in- 
stead of being moved by the hand, are worked by means 
of a toothed wheel, playing in notches of the piston-rods. 

172. By means of the air-pump many interesting experi- 
ments may be performed, illustrating the gravity, elasticity, 
fluidity, and inertia of air. 

173. EXPBBIMENTS IlLUSTBATINO THE GbAVITY OF AlB. — 

Having adjusted the receiver to the plate of the air-pump, 
exhaust the air, and the receiver will be held firmly on the 
plate. The force which confines it is nothing more than the 
weight of the «xternal air, which, having no \xi\^T\ii!i^L\ft^^<^\^^ 
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to contend with, preBses with a force of nearly SFt^en ponndi 
on every square inch of the external surface of the receiTer. 

174. The exact amount of pressure depends on the degree 
of eihauetios, being at ita maximum of fifteen pounds when 
there is a perfect vacuum. On readmitting the air, the re- 
ceiver may be readily removed.* 

175. The Maodbbdroh Cupb, orHemibfherkb. — Pig. 
26 represents the Magdeburgh cups, or Hemippherea. They 

Fig. ao. consist of tn'o hollow brass cups, the edges 

^ - Z \ of which are accurately fitted together. 
' f J j They each have a handle, to one of which 
a Btop-cock is fitted. The stop-cock, being 
attached to one of tlie cups, is to be screwed 
to the plate of the air-pump, end left open. 
Having joined the other cup to that on the 
I pump, exhaust the air from within them, 
1 turn the stop-oock to prevent its readmis- 
sion, and screw the handle that had been 
removed to the atop-cock. Two persons 
may then attempt to draw the cups asunder. 
It will be found that great power ia re- 
quired to separate them ; but on readmit- 
ting the air between them, by turning the cock, they will 
fall asunder by their own weight. When the air ie exhaust- 
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Fig. 28. 




ed from within them, the pressure of the surrounding air 
upon the outside keeps them united. This pressure being 
equal to a pressure of fifteen pounds on every square inch of 
the sur^ce, it follows that the larger the cups, or hemi- 
spneres, the more difficult it will be to separate them. 

176. The Magdeburgh Cups derive their name from the 
city where the experiment was first attempted. Otto Guericke 
constructed two hemispheres, which, when the air was ex- 
hausted, were held together by a force of about three -fourths 
of a ton. Fig. 27 shows the manner in which such an experi- 
ment may be tried. 

177. The Hand-glass. — Fig. 28 is no- 
thing more than a tumbler, open at both ends, 
with the top and bottom ground smooth, so 
as to fit the brass plate of the air-pump. 
Placing it upon the plate, cover it closely with 
the palm of the hand, and work the pump. 
The air within the glass being thus exhausted, 
the hand will be pressed down by the weight 
of the air above it : on readmitting the air, the hand may 
be easily removed. 

178. The Bladder-glass. — Fig. 29 is 
a bell-shaped glass, covered with a piece 
of bladder, which is tied tightly round its 
neck. Thus prepared, it may be screwed 
to the plate of the air-pump, or connected 
with it by means of an elastic tube. On 
exhausting the air from the glass, the 
weight of the external air on the bladder 
will burst it inwards with a loud explosion. 

1 79. The Inpia-rubber Glass. — Fig. 
80 is a glass similar to the one represented 
in the last figure, covered with india-rub- 
ber. The same experiments may be made 
with this as were mentioned in the last 
article, but with dififerent results. Instead 
of bursting, the india-rubber will be pressed 
inwards the whole depth of the gla&a. 
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Figr. 30. 
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180. The Fountain-glass and Jet. — Fig 31 represents 
the jet, which is a small brass tube. Fig. 32 is the fountain- 
tig* Sh S^*®** "^^ experiment with these instru- -^ 
ments is designed to show the pressure of 
the atmosphere on the surface of liquids. 
Screw the straight jet to the stop-cock, 
the stop-cock to the fountain-glass, with 
the straight jet inside of the fountain-glass, 
and the lower end of the stop-cock to the 
plate of the air-pump, and then open the 
stop-cock. Having exhausted the air 
from the fountain-glass, close the stop- 
cock, remove the glass from the pump, and, im- 
mersing it in a vessel of water, open the stop- 
cock. The pressure of the air on the surface of the water 
will cause it to rush up into the glass like a fountain. 

^'** ^' 181. Pneumatic Scales for Weigh- 

ing Air. — ^Fig. 33 represents the flask, 
or glass vessel and scales for weighing 
air. Weigh the flask when full of air ; 
then exhaust the air, and weigh the flask 
again. The diflerence between its pre- 
sent and former weight, is the weight of 
the air that was contained in the flask. 

1 82. The Suckeb. — A circular piece 
of wet leather, with a string attached to 
the centre, being pressed upon a smooth surface, will adhere 
with considerable tenacity, when drawn upwards by the 
string. The string in this case must be attached to the 
leather, so that no air can pass under the leather. 

183. The Meboubial ob Watbb Tubs. — Exhaust the 
air from a glass tube three feet long, fitted with a stop-cock 
at one end, and then immerse it in a vessel containing mer- 
cury or water. On turning the stop, cock, the mercury will 
rise to the height of nearly thirty inches ; or if immersed in 
water, the water will rise and fiU the tube, and would fill it 
were it thirty feet long. This experiment shows the manner 

7/7 wA/ch water is raised to the boxes or valves in common 

vFater-pumpa. 
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184. EXPEHIMBNTS BHOWMTO THE ElASTTCITT OF THB 

AiB. — Place an india-rubber bag, or a bladder, partly in- 
flated, and tightly closed, under the receiver, and, on ex- 
hausting the air, the air within the bag or bladder expanding, 
will fill the bag. On readmitting the air, the bag will 
collapse. The experiment may also be made with some 
kinds of shrivelled fruit, if the skin be sound. The internal 
air, expanding, will give the fruit a fresh and plump appear- 
ance, which will disappear on the readmission of the air. 

185. The same principle may be illustrated by the india- 
rubber and bladder glasses, if they have stop-cocks to confine 
the air. 

1 86. A small bladder, partly filled with air, may be sunk 
in a vessel of water by means of a weight, and placed under 
the receiver. On exhausting the air from the receiver, the 
air in the bladder will expand, and its specific gravity being 
thus diminished, the bladder with the weight will rise. On 
readmitting the air, the bladder will sink again. 

187. AlB CONTAINED IS WaTEB AND IN WoOD. — PlaCC 

a vessel of water under the receiver, and on exhausting the 
air from the receiver, the air in the water, previously invi- 
sible, will make its appearance in the form of bubbles, pre- 
senting the semblance of ebullition. 

188. A piece of light porous wood being immersed Fijj. m. 
in the water below the surface, the air will be seen 
issuing in bubbles from the pores of the wood. 

189. The Pneumatic Balloon. — Fig. 34 repre- 
sents a small glass balloon, with its car immersed in 
a jar of water, and placed under a receiver. On ex- 
hausting the air, the air within the balloon, expand- 
ing, gives it buoyancy, and it will rise in the jar. 
On readmitting the air, the balloon will sink. 

1 90. The experiment may be performed without 
the air-pump, by covering the jar with some elastic 
substance, as india-rubber. By pressing on the 
elastic covering with the finger, the air will be con- 
densed, the water will rise in the baUooiV) arid it. ^^ i\s^ 
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On removing the pressure, the air in the balloon, expanding, 
will expel part of the water, and the balloon will rise. This 
is the more convenient mode of performing the experiment, 
as it can be repeated at pleasure without resort to the pump. 

191. The following is a full explanation : — The pressure 
on the top of the vessel first condenses the air between the 
cover and the surface of the water ; this condensation 
presses upon the water below, and, as this pressure affects 
every portion of the water throughout its whole extent, the 
water, by its upward pressure, compresses the air within the 
balloon, and makes room for the ascent of more water into 
the balloon, so as to alter the specific gravity of the balloon, 
and cause it to sink. As soon as the pressure ceases, the 
elasticity of the air in the balloon drives out the lately- 
entered water, and, restoring the former hghtness to the 
balloon, causes it to rise. If, in the commencement of this 
experiment, the balloon be made to have a specific gravity 
too near that of water, it will not rise of itself, after once 
reaching the bottom, because the pressure of the water 
then above it will perpetuate the condensation of the air 
which caused it to descend. It may even then, however, 
be made to rise, if the perpendicular height of the water 
above it be diminished by inclining the vessel to one side. 

192. This experiment proves many things : namely : 

First. The materiality of air, by the pressure of the 
hand on the top being communicated to the water below 
through the air m the upper part of the vessel. 

Secondly. The compressibility of air, by what happens in 
the globe "before it descends. 

Thirdly. The elasticity , or elastic force of air, when the 
water is expelled from the globe, on removing the pressure. 

Fowrihly* The lightrtess of air, in the buoyancy of the 
globe. 

Fifthly, It shows that the pressure of a liquid is exerted 
in all directions, because the efiects happen in whatever 
position the jar be held. 

Sixthly. It shows that pressure is as the depth, because 
less pressure of the hand is required the further the globe 
has descended in the water. 
£l^entkl^. It exemplifies many circumstances of fluid 
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support, A person, therefore, who is familiar with this ex- 
periment, ana can explain it, has learned the principal truths 
of Hydrostatics and Pneumatics. 

193. The Pneumatic Balloon also exhibits the principle on 
which the well-known glass toy, called the Cartesian Devil, is 
constructed ; and it may be thus explained : — Several images 
of glass, hollow within, and each having a small opening at 
the heel, by which water may pass in and out, may be made 
to manoeuvre in a vessel of water. Place them in a vessel in 
the same manner with the balloon, but, by allowing different 
quantities of water to enter the apertures in the images, 
cause them to differ a little from one another in specific 

fravity. Then, when a pressure is exerted on the cover, the 
eaviest will descend first, and the others follow in the order 
of their specific gravity ; and they will stop or return to the 
surface in reverse order, when the pressure ceases. A person 
exhibiting these figures to spectators who do not imderstand 
them; while appearing carelessly to rest his hand on the cover 
of the vessel, seems to have the power of ordering their 
movements by his will. If the vessel containing the figures 
be inverted, and the cover be placed over a hole in the table, 
through which, unobserved, pressure can be made bv a rod 
rising through the hole, and obeying the foot of the exhibitor, 
the most surprising evolutions may be produced among the 
figures, in perfect obedience to the word of command. 

194. ExPEEiMBNTS WITH Con- 
densed AiB. — The Conden- 

BINO AND EXHAUSTINO SyRINGE. 

— The Condensing Syringe is 
the air-pump reversed. The Ex- 
hausting Syringe is the simple air- 
pump, without its plate or stand. 
These implements are used res- 
pectively with such parts of the 
apparatus as cannot conveniently 
be attached to the air-pump, and 
as an addition to such pumps as 
do not perform the double office 
of exhaustion and condensation. 
In some sets of apparatus the con- 
densing and exhausting syringes 
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are united, and are made to perform each office res- 
pectiveljy by merely reversing the part which contains the 
vaive. 

195. Thb Aib-chjlMBEB. — ^The air-chamber. Fig. 35, is 
a hollow brass globe prepared for the reception of a stop- 
cock, and is designed for the reception of condensed air. 
It is made in different forms in different sets, and is used 
by screwing it to a condensing pump or a condensing 
syringe. 

196. Stbaight and REYOLTiNa Jets fbom Coin)£NS£D 
AiE. — Fill the air-chamber (Fig. 35) partly with water, and 
then condense the air. Then confine the air by turning the 
cock; after which, unscrew it from the air-pump, and 
screw on the straight or the revolving jet. Then open the 
stop- cock, and the water will be thrown from the chamber in 
¥ig, 37. Fig. S6. the One case in a straight 

continued stream, in the 
other in the form of a 
wheel. Figs. 36 and 
37 represent a view of 
the straight and the revolving jets. In the revolving 
jet the water is thrown from two small apertures 
made at each end on opposite sides, to assist the re- 
volution. The circular motion is caused by the reac- 
tion of the water on the opposite sides of the arms of the 
jets J for, as the water is forced into the tubes, it exerts an 
equal pressure on all sides of the tubes, and, as the pressure 
is relieved on one side by the jet-hole, the arm is caused to 
revolve in a contrary direction. This experiment, performed 
with the straight jet, illustrates the principle on which 
'* Hero's ball '* and ** Hero's fountain " are constructed. 
Fig. 38. 197. The Principle op the Aib-guk. — With 
the air-chamber, as in the last experiments, a small 
brass cylinder or gun-barrel. Fig. 38, may be sub- 
stituted for the jets, and loaded with a small shot or 
paper ball. On turning the cock quickly, the con- 
densed air, rushing out, will throw the shot to a 
^y considerable distance. In this way the air-gun ope- 
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rates, an apparatus resembling the lock of a gun being 
substituted for the stop-cock, by which a small portion only 
of the condensed air is admitted to escape at a time ; 
so that the chamber, being once filled, will afford two or 
three dozen discharges. The force of the air-gun has 
never been equal to more than a fifteenth of the force of a 
common charge of powder, and the loudness of the report 
made in its discharge is always as great in proportion to its 
force as that of the common gun. 

198. Condensed air may be weighed in the air-chamber, 
but, in estimating its weight, the temperature of the room 
must always be taken into consideration, as the density of 
air is materiaUy affected by heat and cold. 

199. EXPEBIMSNTS SHOWING THE InERTIA OF AlR. — 

The Guinea and Feather Drop. — The inertia of air is 
shown by the guinea and feather drop, exhibiting the resist- 
ance which the air opposes to falling bodies. This apparatus 
is made in different forms, some having shelves on which the 
Fig. 89. guinea and feather rest, and, when the air Fig. 40. 
is exhausted, they are made to fall by the 
turning of a handle. A better form is that 
represented in Fig. 39, in which the guinea 
and feather (or a piece of brass substituted 
for the guinea) are enclosed, and the appa- 
ratus being screwed to the plate of the 
^ ^ pump, the air is exhausted, a stop-cock \\q 
I J turned to prevent the readmission of the 
\m air, and the apparatus being then unscrewed, 
» the experiment may be repeatedly shown by 
one exhaustion of the air. It will then appear that 
every time the apparatus is inverted, the guinea and 
feather will fall simultaneously. The two forms of 
the guinea and feather drop are exhibited in Figs. 
39 and 40, one of which. Fig. 39, is furnished 
with a stop-cock,* the other, Rg. 40, with shelves. 

* Most lets of philofiopbical apparatus are furnished with stop-cocks nnd 
eUiatic tubes, for the purpose of connecting the several parts with the pump, 
or with one another. In selecting the apparatus, it is important to have the 
screws of the stop-cocks and of all the apparatus of similar tVv\«%!^, \\\ QT^<»:t 
that every article may subserve as many purpot^e& aft vo%%\\A&, 'Wivb 'Q\«^<cjft\3.- 
tion is iv^geated by economy, as well as by conveTi\eiic«. 
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200. EXFEBIHEKTS SHOWING THE FlITIDITT OF AlB.— 

The Weight-liftEb. — The upward pressure of the air, 
one of the properties of its fluidity, may be exhibited by an 
Fie 41 apparatus called the weight-lifter, made 

in different forms, but all on the same 
principle. The one represented in Fig. 
4 1 consists of a glass tube, of large bore, 
set in a strong case or stand, supported 
by three legs. A piston is accurately 
fitted to the bore of the tube, and a 
hook is attached to the bottom of the 
piston, from which weights are to be 
suspended. One end of the elastic tube 
is to be screwed to the plate of the 
pump, and the other end attached to 
the top of this instrument. The air being then exhausted 
from the tube, the weights will be raised the whole length 
of the glass. The number of pounds' weight that can be 
raised by this instrument may be estimated by multiplying 
the number of square inches in the bottom of the piston by 
fifteen. 

201. The Pneitmatio Sho web-bath. — On the prin- 
ciple of the upward pressure of the air the pneumatic shower- 
bath is constructed. It consists of a tin vessel, perforated 
with holes in the bottom for the shower, and having an 
aperture at the top, which is opened or closed at pleasure by 
means of a spring-valve. [Instead of the spring- valve, a 
bent tube may be brought round from the top down the 
side of the vessel, with an aperture in the tube below the 
bottom of the vessel, which may be covered with the thumb.] 
On immersing the vessel thus constructed, in a pail of water, 
with the valve open, and the tube (if it have one) on the 
outside of the pail, the water will fill the vessel. The 
aperture then being closed with the spring or with the 
thumb, and the vessel being lifted out of the water, 
the upward pressure of the air wUl confine the water 
in the vessel. On removing the thumb, or opening the 
vaJve, the water will descend in a shower, until the vessel is 
emptied. 
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202. MiSCELLAIfSOXJS EXPBRIMEITTS DEPENDING ON 
TWO OB MORE OF THE PROPERTIES OP AlR. — ThE BoLT- 

HEAD AND Jar. — Fig. 42, a glass globe with a long neck, 
called a bolt head (or any long-necked bottle), partly filled 
with water, is inverted in a jar of water (coloured with a 
few drops of red ink or any colouring matter, Fi;. 4s. 
in order that the effects may be more distinctly 
visible), and placed under the receiver. On 
exhausting the air in the receiver, the air in the 
upper part of the bolt-head, expanding, expels 
the water, showing the elasticity of the air. 
On readmitting the air to the receiver, as it 
cannot return into the bolt-head, the pressure 
on the surface of the water in the jar forces the 
water into the bolt-head, showing the pressure 
of the air caused by its weight. The experi- 
ment may be repeated with the bolt-head with- 
out any water, and on the readmission of the 
air, the water will nearly fill the bolt-head, affording an ac- 
curate test of the degree of exhaustion. 

203. Thb transper of Fluids from one Vessel to 
Another. — The experiment may be made with two bottles 
tightly closed. Let one be partly filled with water, and the 
two connected by a bent tube, connecting the interior of the 
empty bottle with the water of the other, and extending 
nearly to the bottom of tiie water. On exhausting the air 
from the empty bottle, the water will pass to the other, and, 
on readmitting the air, the water will return to its original 
position, so lon^ as the lower end of the bent tube is above 
the surface. 

204. Experiments WITH the Siphon. — Close the shorter 
end of the siphon with the finger or with a stop- cock, and 
pour mercury or water into the longer side. The air con- 
tained in the shorter side will prevent the liquid from rising 
in the shorter side. But, if the shorter end be opened, so 
as to afford free passage outwards for the air, the fluid \\ ill 
arise to an equihbrium in both arms of the ftv^UoTi. 

305. Poor any liquid into the longeT arm ol ^^ ^x^'^s^ 
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until the shorter arm is filled. Then close the shorter end, 
to prevent the admission of the air ; the siphon may then he 
turned in any direction, and the fluid will not run out, on 
account of the pressure of the atmosphere against it. But, 
if the shorter end he unstopped, the fluid will run out 
freely. 

206. AiB ESSENTIAL TO Animal Life. — If an animal he 
placed under the receiver, and the air exhausted, it will im- 
mediately droop, and, if the air he not speedily readmitted, 
it will die. 

207. Air essential to Combustion. — Place a lighted 
taper, cigar, or any other substance that will produce smoke, 
under the receiver, and exhaust the air ; the light will be 
extinguished, and the smoke will fall, instead of rising. If 
air be readmitted, the smoke will ascend. 

208. The Pressube of the Air retards Ebulli- 
tion.* — Ether, alcohol, and other distilled liquors, or warm 
water, placed under the receiver, will appear to boil when 
the air is exhausted. 

209. The existence of many bodies in a liquid form 
depends on the weight or pressure of the atmosphere upon 
them. The same force, likewise, prevents the gases which 
exist in fluid and solid bodies from disengaging themselves. 
If, by rarefying the air, the pressure on these bodies be di- 
minished, they either assume the form of vapours, or else 
the gas detaches itself altogether from the other body. The 
following experiment proves this : — Place a quantity of luke- 
warm water, milk or alcohol, under a receiver, and exhaust 
the air, and the liquid will either pass ofl" in vapour, or will 
have the appearance of boiling. 

210. An experiment to prove that the pressure of the 
atmosphere preserves some bodies in the liquid form may 
thus bfe performed. Fill a long vial, or a tube closed at one 
end, with water, and invert it in a vessel of water. The 
atmospheric pressure will retain the water in the vial. Then, 
hj means of a bent tube, introduce a few drops of sulphuric 

* EBvi.LiTioN.—The operation of boiling. T\ift visitation of liqnor by heat, 
trJucJi tbrowa it up into bubbles. 



THE FKEUMATIC PARADOX. 65 

ether, which, by reasoo of their small specific gravity, will 
ascend to the top of the vial, expelling an equal bulk of 
water. Place the whole under a receiver, and exhaust the 
air, and the ether will be seen to assume the gaseous form, 
expanding in proportion to the rarefaction of the air under 
the receiver, so that it gradually expels the water from the 
vial, and fills up the entire space itself. On readmitting the 
air, the ether becomes condensed, and the water will re- 
ascend into the vial. 

211. A simple and interesting experiment connected 
with the science of chemistry ^may thus be performed by 
means of the air-pump. A watch -glass, containing water, 
is placed over a small vessel containing sulphuric acid, and 
put under the bulbed receiver. When the air is exhausted, 
vapour will freely rise from the water, and l>e quickly ab- 
sorbed by the acid. An intense degree of cold is thus pro- 
duced, and the water will freeze. 

212. In the above experiment, if ether be used instead 
of the acid, the ether will evaporate instead of the water, 
and, in the process of evaporation, depriving the water of 
its heat, the water will freeze. These two experiments^ ap- 
parently similar in effects, namely, the freezing of the water, 
depend upon two different principles which pertain to the 
science of chemistry. 

213. Thk Pneumatic Paradox. — An interesting expe- 
riment, illustrative of the pneumatic paradox, may be thus 
performed : Pass a small open tube (as a piece of quill) 
through the centre of a circular card two or three inches in 
diameter, and cement it, the lower end passing down, and 
the upper just even with the card. Then pass a pin through 
the centre of another similar card, and place it on the former, 
with the pin projecting into the tube to prevent the upper 
card from sliding off. It will then be impossible to displace 
the upper card by blowing through the quill, on account of 
the adhesion produced by the current passing between the 
discs. On this principle smoky chimneys have been remedied, 
and the office of ventilation more effeclvi'a.VVj ^%ilQt\sN&^. 

214. Wind, — Wind is air put m thoXaow. 
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215. There are two ways in which the motion of the air 
may arise. It may be considered as an absolute motion of 
the air, rarefied by heat, and condensed by cold ; or it may 
be only an apparent motion, caused by the superior velocity 
of the earth in its daily revolution. 

216. When any portion of the atmosphere is heated it 
becomes rarefied, its specific gravity is diminished, and it 
consequently rises. The adjacent portions immediately rush 
into its place, to restore the equilibrium. This motion pro- 
duces a current which rushes into the rarefied spot^from all 
directions. This is what we call wind. 

217. The portions north of the rarefied spot produce a 
north wind, those to the south produce a south wind, while 
those to the east and west, in like manner, form currents 
moving in opposite directions. At the rarefied spot, agi- 
tated as it is by winds from all directions, turbulent and 
boisterous weather, whirlwinds, hurricanes, rain, thunder 
and lightning, prevail. This kind of weather occurs most 
frequently in the torrid zone, where the heat is greatest. 
The air, being more rarefied there than in any other part of 
the globe, is lighter, and, consequently, ascends ; that about 
the polar regions is continually flowing from the poles to 
the equator, to restore the equilibrium ; while the air rising 
from the equator flows in an upper current towards the poles, 
so that the polar regions may not be exhausted. 

218. A regular east wind prevails about the equator, 
caused by the rarefaction of the air produced by the sun in 
his daily course from east to west. This wind, combining 
with that from the poles, causes a constant north-esist wind 
for about thirty degrees north of the equator, and a south- 
east wind at the same distance south of the equator. 

219. From what has now been said, it appears that there is 
a circulation of air in the atmosphere; the air in the lower 
strata flowing from the poles to the equator, and in the upper 
btrata flowing back from the equator to the poles. It may 
here be remarked, that the periodical winds are more regular 

at sea than on the Jand ; and the reason of this is, that the land 
redecta into the atmosphere a muc\x ^reoXex c^uaatity of the 



WIND. 67 

sun's rays than the water, therefore that part of the atmo- 
sphere which is over the land is more heated and rarefied than 
that which is over the sea. Tliis occasions the wind to set in 
upon the land, as we find it regularly does on the coast of 
Guinea and other countries in the torrid zone. There are 
certain winds, called trade- winds, the theory of which may be 
easily explained on the principle of rarefaction, affected, as it 
is, by the relative position of the difierent parts of the earth 
with the sun at different seasons of the year, and at various 
parts of the day. A knowledge of the laws by which these 
winds are controlled is of importance to the mariner. "Wlieii 
the place of the sun with respect to the different positions of 
the earth at the different seasons of the year is understood, it 
will Jbe seen that they all depend upon the same principle. 
The reason that the wind generally subsides at tne going 
down of the sun is, that the rarefaction of the air, in the par- 
ticular spot which produces the wind, diminishes as the sun 
declines, and, coUsequently, the force of the wind abates. The 
great variety of winds in the temperate zone is thus explained. 
The air is an exceedingly elastic fluid, yielding to the slightest 
pressure ; the agitations in it, therefore, caused by the regular 
winds, whose causes have been explained, must extend every 
way to a great distance, and the air, therefore, in all climates 
will suffer more or less perturbation, according to the situation 
of the country, the position of mountains, valleys, and a 
variety of other causes. Hence every climate must be liable 
to variable winds. The qv^lity of winds is affected by the 
countries over which they pass ; and they are sometimes 
rendered pestilential by the heat of deserts or the putrid ex- 
halations of marshes and lakes. Thus, from the deserts of 
Africa, Arabia and the neighbouring countries, a hot wind 
blows, called Samiel, or Simoom^ which sometimes produces 
instant death. A similar wind blows from the desert of Sahara, 
,upon the western coast of Africa, called the Harmattan, pro- 
ducing a dryness and heat which is almost insupportable, 
scorching Hke the blasts of a furnace. 

220, Whiblwibtds and Watebspouts. — The direction 
of winds is sometimes influenced by the form of lofty and 
precipitous mountains, which, resisting their direct course, 
causes them to descend with a spiral and whirhng motion, 
and with great force. 

}S2L A iimilar effect is produced by two^iSsi^TDA^^vwi,^ 
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an anffle, and then turning upon a centre. If a cloud liappen 
to be between these two winds thus encountering each other, 
it will be condensed and rapidly turned round, and all light 
substances will be carried up into the air by the whirling 
motion thus produced. 

222. The whirlwind, occurring at sea, occasions the sin- 
gular phenomenon of the waterspout. 

223. Waterspouts assume different forms according to 
different states of the atmosphere. 

224. From a dense cloud a cone descends in the form of a 
trumpet, with the small end downwards. At the same time, 
the surface of the sea under it is agitated and whirled round, 
the waters are converted into vapour, and ascend with a spiral 
motion, till they unite with the cone proceeding from the 
cloud. Frequently, however, they disperse before the junc- 
tion is effected, fioth columns diminish towards their point 
of contact, where they are sometimes not more than three or 
four feet in diameter. In the centre of the waterspout there 
is generally a vacant space, in which none of the small par- 
ticles of water ascend. In this, as well as around the outer 
edges of the waterspout, large drops of rain fall. Water- 
spouts sometimes disperse suddenlv, and sometimes continue 
to move rapidly over the surface of the sea, continuing some- 
times in sight for the space of a quarter of an hour. When 
the waterspout breaks, the water usually descends in the form 
of heavy rain. It is proper here to observe, that by some 
authorities the phenomenon of waterspouts are considered aa 
due to electrical causes. 

225. A notion has prevailed that waterspouts are dangerous 
to shipping. It is true that small vessels incur a risk of 
being overset if they carry much sail, because sudden gusts 
of wind, from all points oi the compass, are very common in 
the vicinity of waterspouts ; but large vessels, under but a 
small spread of canvas, encounter, as is said, but little danger. 

226. Pneumatics forms a branch of physical science which 
has been entirely created by modem discoveries. Galileo 
first demonstrated that air possesses weight. His pupil, 
Torricelli, invented the barometer ; and Pascal, by observmg 
the difference of the altitudes of the mercurial column at the 

top and the foot of the Puy de Dome, proved that the sus- 
pension of the mercury is caused by t\ie y^^^^>i£« ^t \ha 
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abnoApliefe. Otto Gnericke, a citizen of Magdebur jif, invented 
the airpnmp about tbe jear 1654 ; and Boyle and Mariotte 
soon after detected, bj its means, tlie principal mechanical 
properties of atmospheric air. Analogous properties have 
teen proved to belong to all the other aeriform fluids. The 
problem of determining the velocity of their vibrations was 
solved by Newton and Euler, but more completely by La- 
grange. The theoretical principles relative to the pressure 
and motion of elastic fluids, from which the practical formulas 
are deduced, were established by Daniel Bernoulli in his 
Hydrodynamica^ but have been rendered more general by 
Navier. 

227. — Acoustics. — Acoustics is the science which 
treats of the nature and laws of sound. It includes 
the theory of musical concord or harmony. 

228. Sound is the sensation produced in the organs 
of hearing by the vibrations or undulations trans- 
mitted through the air around.* 

229. If a bell be rung under an exhausted receiver, no 
sound can be heard from it ; but when the air is admitted to 
surround the bell, the vibrations immediately produce sound. 

230. Again, if the experiments be made bj enclosing the 
bell in a small receiver, full of air, and placing that under 
another receiver, from which the air can be withdrawn, though 
the bell, when struck, must then produce sound, as usual, yet 
it will not be heard if the outer receiver be well exhausted, 
and care be taken to prevent the vibrations from being com- 
municated through any solid part of the apparatus, because 
there is no medium through which the vibrations of the bell 
in the smaller receiver can be communicated to the ear.f 

231. Sounds are louder when the air surrounding the 
sonorous body is dense than when it is in a rarefied state, 
and in general the intensity of sound increases with the 
density of the medium by which it is propagated. 

* " The sensation of sound is produced by the wave of air impiiigfing on the 
membrane of the ear-drum exactly as the momentum of a wave of the sea 
would strike the shore."— [Gardner.] 

t In performing these experiments, the bell must be placed in such a man- 
ner that whatever supports it will rest on a soft cushion of wool, so as to 
prevent the vibrations from beins; communicated to Wift v^qXaqINXx^ «cct-:^>as^\t^ 
or any oCber ot tite solid parts of the apparatus. 
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232. For this reason the sound of a bell is louder in cold 
than in warm weather ; and sound of any kind is transmitted 
to a greater distance in cold, clear weather, than in a warm, 
sultry day. On the top of mountains, where the air is rare, 
the human voice can be heard only at the distance of a few 
rods ; and the firing of a gun produces a sound scarcely 
louder than the cracking of a whip. 

233. Sonorous bodies are those which produce 
clear, distinct^ regular^ and durable sounds, such as 
a bell, a drum^ wind instruments, musical strings and 
glasses. These vibrations can be communicated to a 
distance not only through the air, but also through 
liquids and solid bodies. 

234. Bodies owe their sonorous property to their 
elasticity. But, although it is undoubtedly the case 
that all sonorous bodies are elastic, it is not to be 
inferred that all elastic bodies are sonorous. 

235. The vibrations of a sonorous body give a tremulous 
or undulatory motion to the air or the medium by which it is 
surrounded, similar to the motion communicated to smooth 
water when a stone is thrown into it. 

236. Sound is communicated more rapidly and 
with greater power through solid bodies than through 
the air, or fluids. It is conducted by water about 
four times quicker than by air, and by solids about 
twice as rapidly as by water. 

237. If a person lay his head on a long piece of timber, he 
can hear the scratch of a pen at the other end, while it could 
not be heard through the air. 

238. If the ear be placed against a long, dry brick wall, and 
a person strike it once with a hammer, the sound will be heard 
twicef because the wall will convey it with greater rapidity 
than the air, though each will bring it to the ear.. 

239. It is on the principle of the greater power of solid 
bodies to communicate sound that the instrument called the 
Stethoscope * is constructed. 

* The word Stethoscope is derived from t\70 Greek words, <rT«0or, the 
Areast^ and trteowe», to examine, and it giyen to t\A% \w%Vr9siv«D!t VftiMuse. it 
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240. The Stethoscope is a perforated cylinder, of 
liglit, fine-grained wood, with a funnel-shaped ex- 
tremity, which is applied externally to the cavities of 
the body, to distinguish the sounds within. 

241 . By means of the stethoscope the physician is enabled 
to form an opinion of the healthy action of the lungs, and 
other organs to which the ear cannot be directly applied. 

242. Sound passing through tlie air moves at the 
rate of 1120 feet in a second of time; and this rule 
applies to all kinds of sound, whether loud or soft.* 

243. The softest whisper, therefore, flies as fast as the 
loudest thunder ; and the force and direction of the wind, 
although they affect the continuance of a sound, have but 
slight effect on its velocity. 

244. Were it not for this uniform velocity of all kinds of 
sound, the music of a choir, or of an orchestra, at a short 
distance, would be but a strange confusion of discordant 
sounds; for the different instruments or voices, having^ 
different degrees of loudness, could not simultaneously reach 
the ear. 

245. The air is a better conductor of sound when it is humid 
than when it is dry. A bell can be more distinctly heard 
just before rain; and sound is heard better in the night 
than in the day, because the air is generally more damp in 
the night. 

246. The distance to which sound may be heard depends 
upon various circumstances, on which no definite calculations 
can be predicated. Volcanoes, among the Andes, in South 
America, have been heard at the distance of three hundred 

is applied to the breast of a person for the purpose of ascertaining the con- 
dition of the lungs and other internal organs. Dr. Webster suggests that the 
term Phonopkorous, or Sound-conductor, would be a preferable name for the 
instrument. 

* The velocity of sound has sometimes been estimated as much as eleven 
hundred and forty-two feet in a second. The state of the air nmst, however, 
be taken into consideration. The his/her the temperature, the greater the 
velocity; and it has been ascertained that within certain limits the velocity 
is increased about one foot for every degree that the thermometer rises. Ex- 
periments made with a cannon at midnight by Arago, Gay Lussac, and otliers, 
when the thermometer stood at 61", gave 1118.39 feet per second as the 
velocity of sound. The rate stated in 242 will not therefore be far {toxio. ^^^^^ 
truth. The exreriments which gave a resuU of \\\^ \>^\.'\w «L«ft»(yGA^'«^%\tx^ 
bftb)/ madewbeu the iKeatlier was extieiuely vsaxm. 
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miles ; naval engagements have been heard two hundred ; 
and even the watchword " All *8 wellj^* pronounced by the 
unassisted human voice, has been heard from Old to New 
Gibraltar, a distance of twelve miles. It is said that the 
cannon fired at the battle of Waterloo were heard at Dover. 

247. A clear and frosty atmosphere is favourable to the 
transmission of sound, especially where the surface over which 
it passes is smooth and level. Conversation in the polar regions 
has been carried on between persons more than a mile apart. 
The cannon in naval engagements in the English Channel 
have been heard in the centre of England. 

248. A blow struck under the water of the Lake of Geneva 
was heard across the whole breadth of the lake, a distance of 
nine miles. The earth itself is a good conductor of sound. The 
trampling of horses can be heard at a great distance by put- 
ting the ear to the ground, and the approach of railroad-car- 
riages can be ascertained when very far off, by applying the 
ear to the rail. 

249. This uniform velocity of sound enables us to as- 
certain, with some degree of accuracy, the distance of an 
object from which it proceeds. 

If, for instance, the flash of a gun at sea is seen a half of 
a minute before the report is heard, the vessel must be at 
the distance of about six miles. 

250. In the same manner the distance of a thunder-cloud 
may be estimated by counting the seconds that intervene be- 
tween the flash of the lit^htning and the roaring of the 
thunder, and multiplying them by 1120. 

251. The Acoustic Paradox. — Sound, as has already been 
stated, is propagated by the undulations of the air. Now, 
as these undulations or waves are precisely analogous to the 
case of two series of waves formed upon the surface of a 
liquid, there is a point where the elevation of a wave, pro- 
duced by one cause, will coincide with the depression of 
another wave produced by another cause, and the conse* 
quence will be neither elevation nor depression of the liquid. 

252. When, therefore, two sounds are produced in dif- 
ferent places, there is a point between them where the un- 
dalatioDB will counteract each other, and the two sounds may 

j!>ro£/(dce silence. 
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253. A simple iUustratton of this fact may be made with a 
taning-fork. If this instrument be put into vibration, and 
held up to the ear and rapidly turned, the sound, instead of 
being continuous, will appear to be pulsative or interrupted : 
but, if slowly caused to revolve at a distance from the ear, a 
position of the fork wiQ be found at which the sound will be 
inaudible. 

254. A similar experiment may be made with the tuning- 
fork held over a cjrlindrical glass vessel. Another glass vessel 
of similar kind being placed with its mouth at right angles to 
the first, no sound will be heard ; but, if either cylinder be 
removed, the sound will be distinctly audible in the other. 
The silence produced in this way is due to the interference of 
the undulations. 

This seeming paradox, when thus explained, like the pa- 
radox mentioned under the heads of Hydrostatics and Pneu- 
matics, and another to be mentioned under the head of 
Optics, will be found to be perfectly consistent with the laws 
of sound. 

255. An echo is produced by the vibrations of the 
air meeting a hard and regular surface, such as a wall, 
a rock, a mountain, and being reflected back to the 
ear, thus producing the same sound a second, and 
sometimes a third and fourth time. 

256. For this reason, it is evident that no echo can be 
heard at sea, or on an extensive plain, where there are no 
objects to reflect the sound. 

257* Sound, as well as light and heat, is reflected in 
obedience to the same law that has already been stated in 
Mechanics, namely, the angles of incidence and of reflec- 
tion are always equal. 

258. It is only necessary, therefore, to know how sound 
strikes against a reflecting surface, to know how it will be re- 
flected. It is related of Dionysius, the tyrant of Sicily, that 
he had a dungeon (called the ear of Dionysius) in which the 
roof was so constructed as to collect the words, and even the 
whispers, of the prisoners confined therein, and direct them 
along a hidden conductor to the place where he sat to listen ; 
and thus he became acquainted with the mo^tt ^^<^t^\» ^1:^^%- 
nojiB of his unhappy victims. 
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259. SpeakiDg truropetB are constructed on the principle 
of the reflection of sound. 

260. The voice, instead of being diffused in the open air, 
is confined within the trumpet ; and the vibrations which 
spread and fall against the sides of the instrument are re- 
flected according to the angle of incidence, and fall in the di- 
rection of the vibrations, which proceed straight forward. 
The whole of the vibrations are thus collected into a focus ; 
and, if the ear be situated in or near that spot, the sound 
will be prodigiously increased. 

261. Hearing- trumpets, or the trumpets used by deaf 
persons, are also constructed on the same principle ; but, as 
the voice enters the large end of the trumpet, instead of the 
small one, it is not so much confined, nor so much in- 
creased.* 

262. The musical instrument called the trumpet acts also 
on the same principle with the speaking-trumpet, so far as its 
form tends to increase the sound. 

263. The smooth and polished surface of the interior parts 
of certain kinds of shells, particularly if they be spiral or un- 
dulating, fit them to collect and reflect the various sounds 
which are taking place in the vicinity. Hence the Cyprias, 
the Nautilus, and some other shells, when held near the ear, 
give a continued sound, which resembles the roar of the dis- 
tant ocean. 

264. Sound, like light, after it has been reflected from 
several surfaces, may be collected into one point, as a focus, 
where it will be more audible than in any other part ; and 
on this principle whispering-galleries may be constructed. 

266. The famous whispering-gallery in the dome of St. 
Paul's church, in London, is constructed on this principle. 
Persons at very remote parts of the building can carry on a 
conversation in a soft whisper, which will be distinctly audible 

* In this connection the author cannot refrain from g\ymg publicity to the 
, value of « pair of acoustic instruments worn by one of the members of his 
family. They consist of two small hearing-trumpets of a peculiar construc- 
tion, connected by a slender spring with au adjusting slide, which, pas8in>; 
over the head, keeps both trumpets in their place. They are concealed 
from observation by the head-dress, and enable the wearer to join in con- 
yen&tion of ordinary tone, from which without them she is wholly debarred. 
Ijbe Jastruwenta were made by Mr. F. C. Rein, IQ8, Strand, London. 
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to one another, while others in the bnildinff cannot hear 
it ; and the ticking of a watch may be heara from side to 
side. 

5566. There is a church in the town of Newburyport, in 
Massachusetts, which, as was accidentally discoYered, has the 
same property as a whispering-gallery. JPersons in opposite 
comers of the building, by facing the wall, may carry on a 
conyensation in the soflest whisper, unnoticed by otuers in 
any other part of the building. It is the building which con* 
tains in its cemetery the remams of the distinguished preacher, 
Whitefield. 

267. Acoustic Tubes. — Sounds may be conveyed to a 
much greater distance through continuous tubes than 
through the open air. The tubes used to convey sounds 
are called Acoustic Tubes. They are much used in public 
houses, stores, counting-rooms, &c., to convey communi- 
cations from one room to another. 

268. The quality of sound is affected by the furniture of a 
room, particularly the softer kinds, such as curtains, carpets, 
&c. ; because, having little elasticity, they present surfaces 
imfavourable to vibrations. 

269. For this reason, music always sounds better in rooms 
with bare walls, without carpets, and without curtains. For 
the same reason, a crowded audience increases the diillculty 
of speaking. 

270. As a general rule, it may be stated that plane and 
smooth swrfaces reflect sotmd without dispersing it ; convex 
surfaces disperse it, and concave surfaces collect it, 

271. The sound of the human voice is produced by the 
vibration of two delicate membranes situated at the top of 
the windpipe, between which the air from the lungs passes. 

272. The tones are varied from grave to acute, by opening 
or contracting the passage ; and they are regulated oy the 
muscles belonging to the throat, by the tongue, and by the 
cheeks. The management of the voice depends much upon 
cultivation ; and although many persons can both Rpenk and 
sin^ with ease, and with great power, without much attention 
to its culture, yet it is found that they who cultivate thek 
voices by use acquire a degree of &e^\A\\t^ «x^\ «%.^^ \\^ ^^*^ 
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management, which, in a great measure, supplies the defi- 
ciency of nature.* 

273. Ventriloquismf is the art of speaking in such a 
manner as to cause the voice to appear to proceed from a 
distance. 

274. The art of ventriloquism was not unknown to the an- 
cients, and it is supposed hy some authors that the famous 
responses of the oracles at Delphi, at Ejphesus, &c., were de- 
livered by persons who possessed this faculty. There is no 
doubt tliat many apparently wonderful pieces of deception, 
which, in the days of superstition and ignorance, were consi- 
dered as little short of miracles, were performed by means 
of ventriloquism. Thus houses have been made to appear 
haunted, voices have been heard from tombs, and the dead 
have been made to appear to speak, to the great dismay of the 
neighbourhood, by means of this wonderfm art. 

V entriloquism is, without doubt, in great measure the gift 

of nature ; out many persons can, with a little practice, utter 

sounds and pronounce words without opening the lips or 

. moving the muscles of the face ; and this appears to be the 

great secret of the art. 

* Dr. Rush's very valuable work on *' The Philosophy of the Human 
Voice ** contains much valuable matter in relation to the human voice. Dr. 
Barber's ** Grammar of Elocution," and the ** Rhetorical Reader," by the 
author of this volume, contain useful instructions in a practical form. To 
the work of Dr. Rush both of the latter works are largely indebted. 

t The word Ventriloquism literally means, " speaking ^om the heUy,** and it 
ii so defined in Chambers' Dictionarv of Arts and Sciences. The venrri> 
loquist, by a singular management of the voice, seems to have it in his power 
** to throw his voice** in any direction, so that the sound shall appear to 
proceed from that spot. The words are pronounced by the organs usually 
employed for that purpose, but in such a manner as tog^ve little or no motion 
to the lips, the organs chiefly concerned being those of the throat and 
tongue. The variety of sounds which the human voice is capable of thus 
producing is altogether beyond common belief, and, indeed, is truly surprising. 
Adepts in this art will mimic the voices of all ages and conditions of huuiafi 
life, from the smallest infant to the tremulous voice of tottering age, and 
from the intoxicated foreign begg[ar to the highbred, artificial tones of the 
fashionable lady. Some will also imitate the warbling of the nightingale, the 
loud tones of the whip-poor-will, and the scream of the peacock, with 
equal truth and !aci1ity. Nor are these arts confined to professed imitators : 
for in many villages boys may be found who are in the habit of imitating 
the brawling and spitting of cats in such a manner as to deceive almost 
every hearer. 

The human voice is also capable of imitating almost every inanimate 
sound. Thus, the turning and occasional creaking of a grindstone, with 
the rush of the water, the sawing of wood, the trundling and creaking of 
a wheelbarrow, the drawing of corks, and the gurgling of the flowing liquor, 
the Bound of air rushing Uirough a crevice on a wintry night, and a great 
variety of other noises of the same kind, are imitated by the voice so exactly 
i»5 to deceive any hearer who does not know wYveiice xYwt>i \)ioceed. 
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275. Musical Sou^s, or Harmony. — ^The sound pro- 
duced by a musical stripg is caused by its vibrations ; and 
the height or depth of the tone depends upon the rapidity 
of these vibrations. Long strings vibrate with less rapi- 
dity than short ones ; and for this reason the low tones in 
a musical instrument proceed from the long strings, and the 
high tones from the short ones. 

276. Fig. 43. A B represents a musical string. If it 
be drawn up to G, Fif^. 4S. 

its elasticity will not ^ <;. 

only carry it back ,-^'^*^.' * *r'**"*-«. 

again, but willgive y^!^"^^^^- "^ ^ ^^v^^::^^ 

it a momentum a ^X, ' f'l ..'- ' .v^ ' 

which wiU carry it --.V-CC «> r---;:-"' 

to H, from whence '^''--,,' ^ l^''-*"' 

it will successively ^ 

return to T, F, C, D, &c., until the resistance of the air 
entirely destroys its motion. 

277. The quality of the sound produced by strings de- 
pends upon their length, thickness, weight, and degree of 
tension. The quality of the sound produced by wind in- 
struments depends upon their size, their length, and their 
internal diameter. 

278. When music is made by the use of strings, the air is 
struck by the body, and the sound is caused by the vibra- 
tions ; when it is made by pipes, the body is struck by the 
air ; but, as action and reaction are equal, the effect is the 
same in both cases. 

279. Long and large strings, when loose, produce the 
lowest to^jes ; but different tones may be produced from the 
same string ; according to the degree of tension. Large wind 
instruments, also, produce the lowest tones ; but (Efferent 
tones may be produced from the same instrument, according 
to the distance of the aperture for the escape of the wind 
from the aperture where it enters. 

280. The quality of the sound of all musical instruments 
is effected by the changes in the temperature and specific 
gravity of the atmosphere. 
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281. As heat expands and cold contracts tlie materials of 
wliich the instrument is made, it follows that the strings will 
have a greater degree of tension, and that pipes and other 
wind instruments will be contracted, or shortened, in cold 
weather. For this reason, most musical instruments are 
higher in tone (or sharper) in cold weather, and lower in tone 
(or more flat) in warm weather. 

282. The science of harmony is founded on the relation 
which the vibrations of sonorous bodies have to each other. 

283. Thus, when the vibrations of one string are double 
those of another, the chord of an octave is produced. If the 
vibrations of two strings be as two to three, the chord of a 
fifth is produced. When the vibrations of two strings fre- 
quently coincide, thejr produce a musical chord, and when the 
coincidence of the vibrations is unfrequent, discord is pro- 
duced. 

284. A simple instrument, called a monochord, contrived 
for the purpose of showing the length and degree of tension 
of a string to produce the various musical tones, and to show 
their relations, may thus be made. A single string of catgut 
or wire, attached at one end to a flxed point, is carried over a 
pulley, and a -weight is suspended to the other end of the 
string. The string rests on two bridges, between the fixed 
point and the pulley, one of which is fixed, the other movable. 
A scale is placed beneath the string, by which the length of 
the vibrating part between the two bridges may be measured. 
By means or this simple instrument, the respective lengths 
required to produce the seven successive notes of the gamut 
will be as follows : it being premised that the longer the string 
the slower will be its vibrations. 

285. Let the length of the string required to produce the 
note called C be 1 ; the length of the string to produce the 
successive notes will be — 
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286, Hence, the octave will require only half of the length 
of the fundamental note, and the vibrations that produce it 
will be as two to one. The vibrations of the string in pro- 
ducing the successive notes of the scale will be as foflows : — 

CDRFGABC 
7 9 n 4 a A iBO 
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That IB, to prodnce the note D nine 
Tibrationa will be made in the same 
time that eight are made by C, five 
of E to four of C, four of F to 

three of C, three of G to two of C, I 

fiveof A to three of C, fifteen of B ^ 

to eight of C, and two of the octave } 

C to one of the fundameutal C. , 

287. The same relations exist in f 
each successive octave throughout c 
the whole mn^cal scale. ' 

288. Ab harmony de))ends apon f 
tlie coincidence of vibrations, it fol- ' 
loivs that tlie octuTe produces the ■ 
moat perfect harmony ; next in 
order is the fifth, as every third | 
vibration of the fifth corresponds 
with every second vibration of the I 
fondamental. Next to the fifth in j 
the order of harmony follows the ? 
fonrth, and after the fourth the - 
third. E 

289. The following soale, con- f 
taJning three octaves, exhibits the E 
proportjons which exist between z 
the fundamental and all the other ? 
notes within that compass. • 

290. In the lowest line of this P 
scale the numbers show the inter- a 
vala. The figures above expresB ^ 
the number of vibrations of the £ 
fundamental or tonic, and the up- i 
per line of figures represent the g 
proportionate vibrations of each I 
Buccessive interval. g 

291. It is found in practice that '- 
when two sounds are caused by f 
vibrations which are in some sim- " 
pie numerical proportion to each a 
other. Buch as 1 to 2, or 2 to 3, or h 
3 to 4, &c., they are pleasing to ? 
the ear ; and the whole science of s 
harmony ia founded on such rela- | 
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292. The principal harmonies are the octave, fifth, fourth, 
major third, and minor third ; and the relations between them 
and the fundamental or tonic, are as follows 4 



Octave, 


2tol. 


Fifth, 


3 " 2. 


Fourth, 


4 " 3. 


Major Third, 


6 " 4 


Minor Third, 


6 " 6. 



293. The following Rules may serve as the basis of interest- 
inq calculations, 

(1.) Strings of the same diameter and equal tension vibrate 
in times in an inverse proportion to their lengths. 

(2.) The vibrations of strings of equal length and tension 
are in an inverse proportion to their (uameters. 

(3.) The vibrations of strings of the same length and dia- 
meter are as the squares of the weights causing their tension. 

(4.) The vibrations of cylindric tubes closed at one end are 
in an inverse proportion to their length. 

(5.) The sound of tubes open at both ends is the same with 
that of tubes of half the length closed at one end. 

[The limits of this work will not admit the further con- 
sideration of the subject of Harmony. It constitutes of itself 
a science, involving principles which require deep study and 
investigation ; and they who would pursue it advantageously, 
will scarcely expect, in the pages of an elementary work of 
this kind, that tneir wants will oe suppHed.] 

294. Exercises. 

(1.) A rocket was seen to explode, and in two seconds the sound 
of the explosion was heard ; how far off was the rocket ? 

(2.) The flash from a cload was seen, and in Ave seconds the thun- 
der was heard ; what was the distance of the* cloud ? 

(3.) A musical string four feet long gave a certain tone ; what 
must be the length of a string of similar size and tension to produce 
the chord of a fifth ? 

(4.) A certain string vibrates 100 tiroes in a second ; how many 
times must a string of the same kind vibrate to produce the octave? 
the fifth ? the minor third ? the major third ? 

(5.) Supposing that two sounds, with all their attending circum- 
stances similar, reach an ear situated at the point of inteifercnce of 
tAe undulations, — what will be the consequence ? {See Nos, 26 1 
awf 252.2 
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(6.) Th« length of a string being 36, what will be the length of its 
octave ? fifth ? fourth ? major and minor thirds ? 

(7.) A stone, being dropped into a pit, is heard to strike the bot- 
tom in 7 seconds ; how deep was the pit ? 

[N.B. In estimating the velocity of sound, it is generally reckoned 
in practice as only at 1090 feet per second, supposing the thermo- 
meter at the freezing point ; and one foot per second is added fur 
every degree of temperature above the freezing point, or 32*\ Tlie 
average rate of 1120 feet has ^een assumed in the text,] 

(8.) Suppose the length of a music string to be five feet ; what 
will be the length of the 15th, all other circumstances being equal ? 

(9.) The length of the fifth being 4, what will be the length of the 
fundamental or tonic ? 

(10.) What must be the length of a pipe of an open diapason to 
produce the same tone with four feet C of the stopped diapason ? 

[N.B. The open diapason consists of pipes open at both ends ; the 
stopped diapason has its pipes closed at one end. [See No, 293 (5).] 

(11.) In what proportion are the vibrations of two strings of equal 
length and diameter, one stretched with a weight of twenty- five 
pounds, the other with a weight of fifty pounds ? [See No. 293 (3).] 

(12.) In what proportion are the vibrations of two strings of equal 
length and tension, but having diameters in the proportion of 3 to 5 ? 



QUESTIONS FOR EXAMINATION. 



*«* The figures at the end of each question refer to the number of the 
section from which the answer is to be derived. 



1. Of what does Hydrostatics 

treat ? 1. 

2. What is the difference between 

Hydraulics and Hydro- 
statics ? 2. 
S. What is a Fluid ? 3. 

4. How does a liquid differ from 

a fluid ? 4. 

5. How do fluids gravitate ? 7. 

6. Why cannot fluids be moulded 

into figures ? 8. 

7. What is the equilibrium of 

fluids } 9. 

8. What is the form of the sur- 

face of all fluids? 10. 

9. What is capillary attraction ? 

12. 

10. What are capillary tubes ? 12. 

11. What peculiarity is there in 

the gravitation of fluids of 
different densities ? 22. 

12. What is a Spirit Level, or a 

Water Level ? 24. 

13. Explain Fig. 1, 25. 

14. Why do falling fluids do less 

damage than falling solids ? 
26. 

15. In what direction do fluids 

press, on account of their 
weight ? 27. 

16. How are the downward, lateral 

Mad upward pressure of 
^uida shown ? 29. 



17. 

IS. 

19. 
20. 



21. 
22. 

23. 

24. 

25. 

26. 
27. 

28. 



29. 
30. 



31. 



\z% 



What is the law of fluid pres- 
sure.^ ^. 

What causes the lateral pres- 
sure of fluids ? 36. 

Explain Fig. 4, 37. 

What effect has the length 
and the width of a body of 
fluid upon its lateral pres- 
sure ? 38. 

To what is the lateral pres- 
sure equal ? 39. 

What causes the upward pres- 
sure of a fluid } 40. 

Explain Fig. 5, 41. 

Repeat the law of fluid pres- 
sure, 41. 

What is the hydrostatic para- 
dox } 42. 

Explain Fig. 6, 43. 

How is the force of pressure 
on the hydrostatic bellows 
estimated? 44. 

What fundamental law of 
mechanics applies also to 
hydrostatic pressure r 44. 

Explain Figure 7, 45. 

In what manner may hydro- 
static pressure be employed 
as a mechanical power ? 40. 

On what principle is Braroah's 
hydrostatic press construc- 
ted ? 48. 

Exp\8Mi Y\^>3it^ ^, \^. 
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33. When win one fluid float on 

the surface of another fluid ? 
49. 

34. When will a body rise, sink or 

float, in a fluid ? 51. 

35. How deep will a body sink in 

a fluid ? 52. 

36. What is the standard for esti. 

mating the speciflc gravity 
of bodies ? 55. 

37. How is the specific gravity of 

a body ascertained when it 
is greater than that of 
water ? 57. 

38. Describe the scales used for 

finding the specific gravity 
of a body, 58. 

39. How is the specific gravity of 

a body lighter than water 
found ? 60. 

40. What is an hydrometer ? and 

on what principle is it con- 
structed } 63, 64. 

41. How is an hydrometer con- 

structed ? 65. 

42. Of what use is the hydro- 

meter ? 66. 

43. Of what does hydraulics treat ? 

67. 

44. What quantity of a liquid will 

be discharged from an orifice 
or pipe of a given size ? 69. 

45. From what orifice vrill a fluid 

spout to the greatest dis- 
tance ? 71. 

46. What part of a current of 

water flows most rapidly, 
and why ? 74. 

47. How may the velocity of a 

current at any depth be 
ascertained ? 77* 

48. How are waves caused ? 79. 

49. What are the principal hy- 

draulic instruments or ma- 
chines ? 83. 

50. What is the chain-pomp ? 84. 
5J. Eipkia F!gure U, 85. 



52. What is the screw of Archi- 

medes ? 86. 

53. Explain Figure 12, 86. 

54. What is the Siphon ? 87. 

55. Explain Figure 13, 88. 

56. On what principle does the 

siphon act ? 89. 

57. Explain the toy called Tanta- 

lus's Cup? 91. 

58. What is the Hydraulic Ram ? 

93. 

59. Explain the construction of 

the Hydraulic Ram by 
Figure 15, 96, 

60. How are springs and rivulets 

formed ? 97. 

61. How high will the water of a 

spring rise ? 98. 

62. To what height may water be 

conveyed in tubes ? 99. 

63. HowarefountainsformedPlOl. 

64. Explain the fountain by Figure 

16, 102. 

65. How does water become a 

mechanical agent ? 105. 

66. What is Pneumatics? 106. 

67. What is meant by an aeriform 

fluid? 107. 

68. What is the difference between 

a permanent gas and a 
vapour? 108. 

69. What subjects are embraced 

in the science of Pneu- 
matics? 109. 

70. What are the two principal 

properties of air, and other 
gaseous bodies ? 1 10. 

71. What degree of cohesive attrac- 

tion have gaseous bodies ? 
111. 

72. What laws pertain to aeri- 

form bodies in general ? 1 13. 

73. What is the air which we 

breathe ? 114. 

74. Where is i\\ft wt vek\\.\\CL^"^\. 

lib. 
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75. Where is the pressure of the 

air felt? J J 8. 

76. What pressure does a man of 

common stature experience 
from the weight of the air ? 
118. 

77. What effect has heat upon air 

and other elastic fluids ? 1 19. 

78. What is the weight of a column 

of fdr with a base of a 
square inch ? 120. 

79. What is meant by the elasticity 

of air and other aeriform 
fluids? 121. 

80. W^hat effect has an increase or 

a diminution of pressure 
upon an aeriform body ? 122. 

81. What is Mariotte's Law ? 123. 

82. How does air become a me- 

chanical agent ? 124. 

83. With what power does fluidity 

invest a fluid ? 125. 

84. What is a vacuum ? 127. 

85. What is the roost perfect 

vacuum that has been ob- 
tained ? 128i 

86. What is a Barometer ? 131. 

87. Explain Figure 19, 132. 

88. On what principle is the ba- 

rometer constructed ? 134. 

89. When is the atmosphere heavi- 

est ? 135. 

90. At what time of the day is the 

highest and lowest state of 
the barometer ? 136. 

91. What is the Thermometer, and 

on what principle is it con- 
structed? 144. 

92. What scale is adopted for the 

thermometer in this coun- 
try? 147. 

93. Whatisthe Hygrometer? 148. 

94. How is it constructed ? 149. 

95. What is the Diving-bell, and 

on what principle is it "con- 
stracted? 152. \ 

96. Explain the construction o{\ 



the diving-bell bv Figure 
22, 155. 

97. How is water raised in a com- 
mon pump ? 156. 

98. How high may water be raised 
by a common pump ? 156. 

99. Explain Figure 23, 157. 

100. How does the Forcing-pump 
differ from the common 
pump? 160. 

101. Explain Figure 84, 161. 

102. How is the Fire-engine con- 
structed? 162. 

103. What is the Air-pump, and 
on what principle is it con- 
structed? 163. 

104.' Explain the construction of 
the air-pump by Figure 25, 
165. 

105. Explain the operation of the 
air-pump by Figure 25, 166. 

106. How may the air be con- 
densed bv means of the 
pump which has been de- 
scribed? 168. 

107. What is a condensing sv- 
ringe? 169. 

108. How does the double air- 
pump differ from the single ? 
171. 

109. What are the Magdeburgh 
Cups, and what do they il- 
lustrate ? 175. 

110. What principle does the 
Hand-glass illustrate? 177. 

HI. What principle is illustrated 
by the Bladder-glass ? 178. 

112. What does the India-rubber 
glass show? 179. 

113. What is illustrated by meant 
of the Fountain-glass and 
Jet ? 180. 

114. How are the Pneumatic 
Scales used? 181. 

115. Wha( principle does '* the 
Sucker'' illustrate? 182. 
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Mercurial or Water Tube ? 
183. 

117. How is the elasticity of the 

air illustrated ? 184. 

118. How can the presence of air 

in wood be detected } 187. 

119. Explain the principle of the 

Pneumatic Balloon, 189. 

120. What is the use of the Con- 

densing and Exhausting 
Syringe? 194. 

121. For what purpose is the Air- 

chamber used ? 195. 

122. What principle of Pneu- 

matics is illustrated by the 
straight and revolring jets ? 
196. 

123. Explain the principle of the 

Air-gun, 197. 

124. In weighing air, what must 

always be taken into the ac- 
count? 198. 

125. What does the Guinea and 

Feather Drop illustrate ? 
199. 

126. What principle is explained 

by means of the Weight- 
liftec? 200. 

1 27 . Explain the Pneumatic Show- 

er-bath, 201. 

128. What two properties of the 

air are illustrated by means 
of the Bolt-head and Jar ? 
202. 

129. What two principles are con. 

cemed in the transfer of 
fluids from one vessel to 
another ? 203. 

130. What experiments are per- 

formed with the siphon ? 
204. 

131. What effect is produced on 

an animal placed under an 
exhausted receiver ? 206. 

132. How is it shown that air is 

essential to combustion ? 
207. 



133. What effect is produced on 

ether under an exhausted 
receiver ? 208. 

134. What effect has the pressure 

of the air on the form of 
bodies? 209. 

135. What experiment shows that 

the liquid form of some 
bodies is dependent on at- 
mospheric pressure ? 210. 

136. How may water be frozen 

under a receiver ? 211. 

137. What is the Pneumatic Para- 

dox ? 213. 

138. What is wind? 214. 

139. In what two ways may the 

motion of the air be ex- 
plained ? 215. 

140. How is a north wind caused ? 

217. 

141. What wind prevails in the 

equatorial regions ? 218. 

142. How is wind sometimes af- 

fected by the face of a 
country ? 220. 

143. What is supposed to be the 

cause of water-spouts ? 222, 

144. What is Acoustics ? 227. 

145. What is Sound ? 228. 

146. Why is a sound louder in 

cold weather ? 231. 

147. What are sonorous bodies ? 

233. 

148. To what do bodies owe their 

sonorous properties ? 234. 

149. What are the best conductors 

of sound ? 236. 

150. What is the Stethoscope, and 

on what principle is it con- 
structed ? 240. 

151. What is the use of the ste- 

thoscope ? 241. 

152. With what rapidity does 

sound move ? 242. 

153. What kind of sounds mo^^ 

154. To YiViaJt. ^TWiXXR.-s^xsafc'v^^^^ 
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velocity of sound applied ? 
249. 

155. What is the Acoustic Para- 

dox ? 251. 

156. Explain the acoustic paradox, 

252. 

157. What is an echo ? 255. 

158. Why are there no echoes at 

sea, or on a plain ? 256. 

159. By what law is sound re- 

flected ? 257. 

160. On what principle are speaking 

trumpets constructed ? 259. 

161. How is a hearing trumpet 

constructed ? 261. 
162 On what principle are whis- 
pering galleries constructed .' 
264 



163. What is an Acoustic Tube ? 

267. 

164. How is the sound of the 

human voice produced } 
271. 

165. What is ventriloquism ? 273. 

166. How is the sound of a musical 

string caused ? 275. 

167. Explain Figure 4S, 276. 

168. On what does the quality and 

tone of a string depend } 
277. 

169. How does the temperature of 

the weather affect the tone 
. of a musical instrument ? 
280. 

170. On what is the science of 

harmony founded .'282. 
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OPTICS. 



1. Optics. — Optics is the science which treats of 
light, of colours^ and of vision. 

2. The Science of Optics divides all substances 
into the following classes : namely, laminous, trans- 
parent^ and translucent; reflecting, refracting, and 
opaque. 

3. Luminous bodies are those which shine by their 
own light; such as the sun, the stars, a burning 
larap^ or a flre. 

4. Transparent substances are those which allow 
light to pass through them freely, so that objects can 
be distinctly seen through them ; as glass, water^ 
air, &c.* 

5. Translucent bodies are those which permit a 
portion of light to pass through them, but render 
the object behind them indistinct; as horn, oiled 
paper, coloured glass, &c. 

6. Reflecting substances are those which do not 
permit light to pass through them ; but throw it ofl" 
in a direction more or less oblique, according as it 

* No Bubttance tbat exists on our earth is perfectly transparent, and light 
must, therefore, necessarily be iinpaired in its passage through all transparent 
media, and the diminution it suffers will vary as the medium is more or less 
transparent, and as the passage it makes is of greater or less length. The 
exact ratio in which light is diminished has not yet been determined ; it is, 
however, an establish^ fact, that even those bodies which approach most 
nearly to perfect transparency become opaque when their thickness is con- 
siderably increased. 
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falls on the reflecting surface ; as polished steel, 
looking-glasses^ polished metal, &c. 

7. Refracting substances are those which turn the 
light from its course in its passage through them ; 
and opaque substances are those which permit no 
light to pass through them^ as metals, wood, &c. 

8. It is not known what light is. Sir Isaac 
Newton supposed it to consist of exceedingly small 
particles, moving from luminous bodies ; others think 
that it consists of the undulations of an elastic 
medium, which fills all space.* These undulations 
(as is supposed) produce the sensatiion of light to the 
eye, in the same manner its the vibrations of the air 
produce the sensation of sound to the ear. The 
opinions of philosophers at the present day are in- 
clining to the undulatory theory. 

9. A ray of light is a single line of light proceed- 
ing from a luminous body. 

10. Rays of light are said to diverge when they 
Fig. 1. separate more widely as they 

proceed from a luminous body. 

Fig. 1 represents the rays of light 
diverging as they proceed from the 
luminous body, from F to D. 

* These two theories of light are called respectively the eorputcular and the 
undulatory theory. By theformer the reflection of light is supposed to take 
place in the same manner as the reflection of solid elastic bodies, as has been 
explained under the head of Mechanics [see Parker's Educational Course— Me- 
ciianics, Paragraph No 147J. By the latter the propagation of light takes place 
from every luminous point, by means of the undulatory movements of the ether. 
On this hypothesis, the waves of light follow the geueral laws of the reflection 
of all elasiic fluids, and, accordingly, every wave from every point, when it im- 
pinges on any resisting object so as to be reflected, forms a new wave in its 
course back, having its centre as much ou the other side of the obstacle as the 
centre of the original wave was on this side. Iii the case of light the centre 
of the original wave is. obviously, th*^ luminous point. There is a remarkable 
similarity, therefore, between the reflection of light, and echo, or the reflection of 
sound. It has been shown, under the head of Acoustics, that when two waves 
meet under ceitain circumstances, the elevation of one wave exactly filling up 
the depression of another wave, produces what is called the acoustic panuiox, 
nanely, two sounds producing silence. It will readily be seen that the same 
undulatory movements iu Optics will produce the same analogous effect j or, 
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SHADOWS. 1 1 

11. It will be seen by this figure that, as light is projected 
in every direction, its intensity must decrease with the dis- 
tance, and this intensity is determined by a fixed law. The 
light received upon any surface decreases as the square of the 
distance increases. Thus, if a portion of light fall on a sur- 
face at the distance of two feet from any luminary, a surface 
twice that distance will receive only one- fourth as much light; 
at three times that distance, one-ninth; at four times the 
distance, one-sixteenth, &c. Hence a person can see to read 
at a short distance from a single lamp much better than at 
twice the same distance with two lamps, &c. 

12. Rays of light are said to con- ^^^' ^* 
verge when they approach each 
other. The point at which converg- 
ing rays meet is called the focus. 

Fig. 2 represents converging rays of light, of which the 
point F is the focus. 

13. A beam of light consists vig. s. 
of many rays running in parallel 
lines. 

Fig. 3 represents a beam of light. 

14. A pencil of rays is a collection of diverging or 
converging rays. [See Figs. 1 and 2.] 

15. Light proceeding from a luminous body is 
projected forward in straight lines in every possible 
direction. It moves with a rapidity but little short 
of two hundred thousand miles in a second of time. 

16. Every point of a luminous body is a centre, 
from which light radiates in every direction. Rays 
of light proceeding from different bodies cross each 
other without interfering. The rays of light which 
issue from terrestrial bodies continually diverge, until 
they meet with a refracting substance ; but the rays 
of the sun diverge so little, on account of the immense 

in other words, that tteo rays of light num produce darhnett ; and this may, 
with equal propriety, be termed the optical paradox. But a clear understand- 
ing of the principles involved in what is called respectively the hydrostatic, 
pneumatic, acoustic and optical paradox, shows that there is tkO ^«.\«.^<;viw ^sX 
all, but that each is the necessary result ox cer^n ^\eOL «vv\ ^<&\ft^Q:LVCA^.^^3^^^.^ 
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distance of that luminary, that they are considered 
parallel. 

17. A shadow is the darkness produced by the in- 
tervention of an opaque body, which prevents the 
rays of light from reaching an object behind the 
opaque body. 

18. Shadows are of difierent degrees of darkness, 
because the light from other luminous bodies reaches 
the spot where the shadow is formed. Thus, if a 
shadow be formed when two candles are burning in 
a room, that shadow will be both deeper and darker 
if one of the candles be extinguished. The darkness 
of a shadow is proportioned to the intensity of the 
light, when the shadow is produced by the interrup- 
tion of the rays from a single luminous body. 

19. As the degree of light and darkness can be 
estimated only by comparison, the strongest light 
will appear to produce the deepest shadow. Hence, 
a total eclipse of the sun occasions a more sensible 
darkness than midnight, because it is immediately 
contrasted with the strong light of day. Hence, also, 
by causing the shadow of a single object to be thrown 
on a surface, — as, for instance, the wall, — from two 
or more lights, we can tell which is the brightest 
light, because it will cause the darkest shadow. 

20. When a luminous body is larger than an 
opaque body, the shadow of the opaque body will 
gradually diminish in size till it terminates in a point. 
The form of the shadow of a spherical body will be 
that of a cone. 

Fig. 4. A represents the sun, 
and B the moon. The sun being 
much larger than the moon, causes 
it to cast a converging shadow, 
which terminates at E. 





21. When the luminous body ie Bmaller than l)ie 
opaque hodj, the shadow of the opaque body will 
gradually increase in size with the distance, without 
limit. 

Jo Fig. 5 the sha- 
dow of the object A. 
increaMS in size at the 
different distsncee B, 
C. D. £ ; or in other 
words, it oouBtantly 
diverget. 



22. When several luminous bodies shine Dpon the 
same object, each one will produce a shadow. 

Fig. 6 represenU a ball A, illumiiiated by the three can- 
dles B. C, and D. The light m. b. 
Bprodacea the Bhadow6,the > 
li^t C the shadow e, and 1 
the light D the shadow dj I 
but, as the light from each i 
of the candles shines upon i 
all the shadows except its E 
own, the shadows wQl be j 



23. When rays of light fall upon an opaque body, 
part of them are absorbed, and part are reflected. 

Light is said to be reflected when it is thrown 
off from the body on which it falls ; it is reflected in 
the lai^st quantities from the most highly polished 
surfaces. Thus, although most substances reflect it 
in a degree, polished metals, looking-glasses, or 
mirrors, &c., reflect it in bo perfect a matwiw ■&» v» 
convey to our eyes, when situated to «b ^To'^t y^~ 
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tion to receive them, perfect images of whatever ob- 
jects shine on them, either by their own or by bor- 
rowed light. 

24. That part of the science of Optics which re- 
lates to reflected light is called Catoptrics. 

26. The laws of reflected light are the same as 
those of reflected motion. Thus, when light falls 
perpendicularly on an opaque body, it is reflected back 
in the same line towards the point whence it pro- 
ceeded. If it fall obliquely, it will be reflected ob- 
liquely in the opposite direction ; and in all cases the 
angle of incidence will be equal to the angle of re- 
flection. This is the fundamental law of Catoptrics, 
or reflected light. 

26. The angles of incidence and reflection have already 
been described under the head of Mechanics ; but, as all 
the phenomena of reflected light depend upon the law 
stated above, and a clear idea of these angles is necessary 
in order to understand the law, it is deemed expedient to 
repeat in this connection the explanation already given. 

An incident ray is a ray proceeding to or falling on any 
surface ; and a reflected ray is the ray which proceeds from 
any reflecting surface. 

Fig. 7 is designed to show the angles of incidence and 
of reflection. In this figure, MAM is a mirror, or re- 
Fig. 7. fleeting surface. P is a line perpen- 
dicular to the surface. I A represents 
an incident ray, falling on the mirror 
in such a manner as to form, with the 
perpendicular P, the angle I A P. 
This is called the angle of incidence. 
The line R A is to be drawn on the 
other side of P A in such a manner as 
to have the same inclination with P A 
as I A. baa ; W^aV. Va, iVi^ angle RAP 
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is equal to I A P. The line R A will then show the course 
of the reflected ray ; and the angle RAP will he the angle 
of reflection. 

From whatever surfietce a ray of right is reflected,— 
whether it be a plane surface, — a convex surface, or a 
concave surface, — this law invariably prevails ; so that, if 
we notice the inclination of any incident ray, and the 
situation of the perpendicular to the surface on which 
it falls, we can always determine in what manner or to what 
point it will be reflected. This law explains the reason 
why, when we are standing on one side of a mirror, we can 
see the reflection of objects on the opposite side of the room, 
but not those on the same ^de on which we are standing. 
It also explains the reason why a person can see his whole 
figure in a mirror not more than half of his height. It also 
accounts for all the apparent peculiarities of the reflection 
of the different kinds of mirrors. 

27. Opaque bodies are seen only by reflected 
light. Luminous bodies are seen by the rays of 
light which they send directly to our eyes. 

28. All bodies absorb a portion of the light which 
they receive; therefore the intensity of light is di- 
minished every time that it is reflected. 

29. Every portion of a reflecting surface reflects 
an entire image, of the luminous body shining 
upon it. 

^Vhen the sun or the moon shines upon a sheet of water, 
every portion of the surface reflects an entire image of the 
luminary ; but, as the image can be seen only by reflected 
rays, and as the angle of reflection is always equal to the 
angle of incidence, the image from any point can be seen 
only in the reflected ray prolonged. 

30. Objects seen by moonlight appear fainter than when 
seen by daylight, because the light by which they are seen 
has been twice reflected j for the moon is not a lanxvwosis. 
body, but its light is caused by t\ie ft\w\ ^\ivaa\% >5;:^<3^ ^X« 
This light, rejected from the moon aad IbSXvw^ w:^cpa. «s\^ 
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object, is again reflected by that object. It suffers, tbere- 
fore, two reflections ; asd since a portion is absorbed by 
each surface that reflects it, the light must be proportionally 
fainter. In traversing the atmosphere, also, the rays, both 
of the snn and moon, sufler diminution ; for, although pure 
air is a transparent medium, which transmits the rays of 
light freely, it is generally surcharged with vapours and ex- 
b^ations, by which some portion of light is absorbed. 

31. All objects are seen by means of the rays of 
light emanating or reflected from them ; and there- 
fore^ when no light falls upon au opaque body^ it is 
invisible. 

This is the reason why none but luminous bodies can be 
seen in the dark. For the same reason, objects in the shade 
or in a darkened room appear indistinct, while those which 
are exposed to a strong light can be clearly seen. We see 
the things around us, when the sun does not shine directly 
upon them, solely by means of reflected light. Everything 
on which it shines directly reflects a portion of its rays in 
all possible directions, and it is by means of this reflected 
light that we are enabled to see the objects around us in the 
day-time which are not in the direct rays of the sun. It 
may here also be remarked, that it is entirely owing to the 
reflection of the atmosphere that the heavens appear bright 
in the day-time. If the atmosphere had no reflective 
power, only that part would be luminous in which the sun 
is placed; and, on turning our back to the sun, the whole 
heavens would appear as dark as in the night ; we should 
have no twilight, but a sudden transition from the brightest 
sunshine to darkness immediately upon the setting of the sun. 

32. When rays of lights proceeding from any ob- 
ject, enter a small aperture, they cross one another, 
and form an inverted image of the object. This is a 
necessary consequence of the law that light always 
moves in straight lines. 

33. Fig. 8 represents the ray% from an object, a e, en- 
tenng an apertixre. The ray from a ^^««!& iw^TL through 
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the aperture to d, and the ray from c passes up to b, and 
thus' these rays, crossing at the aperture, form F\g. s. 
an inverted image on the wall. The room cr 

in which this experiment is made should he 
darkened, and no light permitted to enter, 
excepting through the aperture; it then he- 
comes a camera ohscura. 

34. These words signify a darkened chamber. In the future 
description which will be given of the eve, it will be seen that 
the camera ohscura is constructed ^on the Fame principle as 
the eye. If a convex lens be placed in the aperture, an in- 
verted picture, not only of a single object, but of the entire 
landscape, will be found on the wall. A portable camera 
ohscura is made by admitting the light into a box of any size 
through a convex lens, which throws the image upon an in- 
clined mirror, from whence it is reflected upwards to a plate 
of ground glass. In this manner a beautinil but diminished 
image of the landscape, or of any group of object-s, is pre- 
sented on the plate in an erect position. 

35. The angle of vision is the angle formed at the 
eye by two lines drawn from opposite parts of an 
object. 

36. The angle C in Fig. 9 represents the angle of 
vision. The Hne A C, proceeding from one extremity of 



the object, meets the 
hue B C from the op- 
posite extremity, and 
forms an angle C at 
the eye ; this is the 
angle of vision. 

37. Fig. 10 repre- 
sents the different an<* 
gles made by the same 
object at different distances. From an 
inspection of the figure, it is evident 
that the nearer the object is to the 
eye, the wider must be the opening 
of the lines to admit the extremities 
of the object, and, consequently, tVie 



Fig. 9. 
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larger the angle under which it is seen ; and, on the con- 
trary, that objects at a distance will form small angles of 
vision. Thus, in this figure, the three crosses F G, D E, 
and A B, are all of the same size ; but A B, being the most 
distant, subtends the smallest angle A C B, while D E and 
F G, being nearer to the eye, situated at C, form respec- 
tively the larger angles D C E and F C G. 

38. The apparent size of an object depends upon the size 
of the angle of vision. But we are accustomed to correct, 
by experience, the fallacy of appearances ; and, therefore, 
since we know that real objects do not vary in size, but that 
the angles under which we see them do vary with the distance, 
we are not deceived by the variations in the appearance of 
objects. 

Thus, a house at a distance appears absolutely smaller than 
the window through which we look at it ; otherwise we could 
not see it through the window ; but our knowledge of the real 
size of the house prevents our alluding to its apparent mag- 
nitude. In Fig. 9 it will be seen that the several crosses, 
A B, D E, F (x, and H I, although very different in size, on 
account of their different distances, subtend the same angle, 
A C B : thejt therefore, all appear to the eye to be of the same 
size, while, in Fig. 10, the three objects A B, D E, and F G, 
although of the same absolute size, are seen at a different 
angle of vision, and they, therefore, will seem of different 
sizes, appearing larger as they approach the eye. 

It is to a correct observance of the angle of vision that the 
art of perspective drawing is indebted for its accuracy. 

39. When an object, at any distance, does not 
subtend an angle of more than two seconds of a de- 
gree, it is invisible. 

At the distance of four miles a man of common stature 
will thus become invisible, because his height at that dis- 
tance will not subtend an angle of two seconds of a degree. 
The size of the apparent diameter of the heavenly bodies is 
generally stated by the angle which they subtend. 

40. When the velocity of a moving body docs not 
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exceed twenty degrees in an hoor^ its motion is im- 
perceptible to the eye. 

It is for this reason that the motion of the heavenly 
bodies is invisible, notwithstanding their immense velocity. 

41. The real velocity of a body in motion roimd a point 
depends on the space comprehended in a degree. The more 
distant the moving body from the centre, or> in other words, 
the larger the circle which it has to describe, the larger will 
be the degree. 

42. In Fig. 11, if the man at A, and the Fig:, n. 
man at B, both start together, it is manifest ^ 
that A must move more rapidly than B, to ^s 
arrive at C at the same time that B reaches ,-•" "" l*^ 
D, because the arc A C is the arc of a / J 
larger circle than the arc B D. But to the / ..^* I® 
eye at E the velocity of both appears to be / 

the same, because both are seen under the I L > 

same angle of vision. * ^ ^^ 

43. A mirror is a smooth and polished surface^ 
that forms images by the reflection of the rays of 
light. Mirrors (or looking-glasses) are made of 
glass^ with the back covered with an amalgam, or 
mixtare of mercury and tin foil. It is the smooth 
and bright surface of the mercury that reflects the 
rays, the glass acting only as a transparent case, or 
covering, through wliich the rays find an easy pas- 
sage. Some of the rays are absorbed in their passage 
through the glass, because the purest glass is not free 
from imperfections. For this reason, the best mirrors 
are made of fine and highly-polished steel. 

44. There are three kinds of mirrors, namely, the 
plain, the concave, and the convex mirror. 

Plain mirrors are those which have a flat surface^ 
such as a common looking-glass; and they neither 
magnify nor diminish the image of objects re^e^V&<^ 
from them. 
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45. The reflection from plain mirrors is always obedient 
to the law that the angles of incidence and reflection are 
equal. For this reason, no person can see another in a 
looking-glass, if the other cannot see him in return. 

46. Looking-glasses or plain mirrors cause everything 
to appear reversed. Standing before a looking-glass, if a 
person holds up his left hand it will appear in the glass to 
be the right. 

47. A looking-glass, to reflect the whole person, needs be 
but half of the length of the person. 

48. When two plain mirrors stand opposite to each other, 
the reflections of the one are cast upon the other, ar.d to a 
person between them they present a long continued vista. 

49. When two reflecting surfaces are inclined at an angle, 
the reflected objects appear to have a common centre to an 
eye viewing them obliquely. It is on this principle that the 
kaleidoscope is constructed. 

50. The Kaleidoscope consists of two reflecting surfaces, 
or pieces of looking-glass, inclined to each other at an angle 
of sixty degrees, and placed between the eye and the objects 
intended to form the picture. 

'I'he two plates are enclosed in a tin or paper tube, and 
the objects, consisting of pieces of coloured glass, beads, or 
other highly-coloured fragments, are loosely confined be- 
tween two circular pieces of common glass, the outer one of 
which is slightly ground, to make the light uniform. On 
looking down the tube through a small aperture, and where 
the ends of the glass plates nearly meet, a beautiful figure 
will be seen, having six angles, the reflectors being inclined 
the sixth part of a circle. If inclined the twelfth part or 
twentieth part of a circle, twelve or twenty angles will be 
seen. By turning the tube so as to alter the position of the 
coloured fragments within, these beautiful forms will be 
changed ; and in this manner an almost infinite variety of 
patterns may be produced. 

The word Kaleidoscope is derived from the Greek language, 
and means, " the sight of a beautiful form." The instrument 
was invented bjDr. Brewster, of Edinburgh, a few years ago. 
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51. A* convex mirror is a portion of the external 
surface of a sphere. Convex mirrors have therefore 
a convex surface. 

52. A concave mirror is a portion of the inner 
surface of a hollow sphere. Concave mirrors have 
therefore a concave surface. 

53. In Pig. 12, M N represents both a convex and 
a concave mirror. They Fig. 12. 
are both a portion of a 
sphere of which O is the 
centre. The outer part 
of M N is a convex, and 
the inner part is a con- 
cave mirror. Let A B, 
C D, E F, represent 
rays falling on the convex 
mirror M N. As the three 
rays are parallel, they 
would all be perpendicular 
to a plane or flat mirror ; but no ray can fall perpendicularly 
on a concave or convex mirror which is not directed towards 
the centre of the sphere of which the mirror is a portion. 
For this reason, the ray C D is perpendicular to the mirror, 
while the other rays, A B and E F, fall obliquely upon it. 
The middle ray therefore, falling perpendicularly on tlie 
mirror, wiU be reflected back in the same line, while the two 
other rays, fedling obliquely, will be reflected ^ obliquely ; 
namely, the ray A B will be reflected to G, and the ray E F 
to H, and the angles of incidence A B P and EFT will be 
equal to the angles of reflection P B G and T F H ; and, 
since we see objects in the direction of the reflected rays, we 
shallsee the image at L, which is the point at which the 
reflected rays, if continued through the mirror, would unite 
and form the image. This point is equally distant from the 
surface and the centre of the sphere, and is called the ima- 
ginary focus of the mirror. It is called the imaginary focas^ 
because the rays do not really uiule «l\. \5aaX ^ci\w\.^\i>aX. ^\^ 
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Fig, 13. 



appear to do so ; for the rays do not pass through the mirror, 
since they are reflected hy it. 

54. The image of an object reflected from a convex 
mirror is smaUer than the object. 

65. This is owing to the divergence of the reflected rays. 
A convex mirror converts^ by reflection, parallel rays into di- 
vergent rays ; rays that fall upon the mirror divergent are 
rendered still more divergent by reflection, and convergent 

rays are reflected 
either parallel, or 
less convergent. 
If, then, an ob- 
ject, A B, be 
placed before any 
part of a convex 
mirror, the two 
rays A and B, 
proceeding from 
the extremities, 
falling conver- 
gent on the mir- 
ror, will be reflected less convergent, and will not come to a 
focus until they arrive at C ; then an eye placed in the di- 
rection of the reflected rays will see the image formed in (or 
rather behind) the mirror ata b : and, as the image is seen 
under a smaller angle than the object, it will appear smaller 
than the object. 

56. The true focus of a concave mirror is a point 
equally distant from the centre and the surface of the 
sphere of which the mirror is a portion. 

57. When an object is further from the concave 
mirror than its focus, the image will be inverted ; 
but when the object is between the mirror and its 
focus, the image will be upright, and grow larger in 
proportion as the object is placed nearer to the 

mirror. 
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58. Concave mirrors have the peculiar property of form- 
ing images in the air. '1 he minor and the object being 
concealed behind a screen, or a wall, and the object being 
strongly illuminated, the rays from the object fall upon the 
mirror, and are reflected by it through an opening in the 
screen or wall, forming an image in the air. 

Showmen have availed themselves of this property of con- 
cave mirrors, in producing the appearance of apparitions, 
which have terrified the young and the ignorant. These 
images have been presented with great distinctness and beauty, 
by raising a fine transparent cloud of blue smoke, by means 
of a chafing-dish, around the focus of a large concave mirror. 

69. The image reflected by a concave mirror is 
larger than the object when the object is placed be- 
tween the mirror and its focus. 

60. This is owing to the convergent property of the con- 
cave mirror. If the object A B be placed between the 
concave mirror Fig. u. 

and its focus/, 
the rays A and 
B from its ex- 
tremities will 
fall divergent 
on the mirror, 
and, on being 
reflected, be- 
come less di- 
vergent, as if 
they proceeded 

from C. To an eye placed in that situation, namely, at C, 
the image will appear magnified behind the mirror, at a b, 
since it is seen under a larger angle than the object. 

61. There are three cases to be considered with regard to 
the effects of concave mirrors : 

1. When the object is placed between the mirror and the 
principal focus. 

2. When it is situated between its centre of concavity and 
thatfooiu. 
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^. When it is more remote than the centre of concavity, 
lat. In the first case, the rays of light diverging after re- 
flection, but in a less degree than before such reflection took 
place, the image will be larger than the object, and appear 
at a greater or smaller distance from the STirface ot the 
mirror, and behind it. The image in this case will be 
erect. 

2nd. When the object is between the principal focus and 
the centre of the mirror, the apparent image will be in front 
of the mirror, and beyond the centre, appearing very distant 
when the object is at or just beyond the focus, and advancing 
towards it as it recedes towards the centre of concavity, where, 
as already stated, the image and the object will coincide. 
During the retreat of the object the imaee will still be in- 
verted, because the rays belonging to each visible point will 
not intersect before they reach the eye. But in this case the 
image becomes less and less distinct, at the same time that 
the visual angle is increasing ; so that at the centre, or rather 
a little before, the image becomes confused and imperfect, 
owing to the small parts of the object subtending angles too 
large for distinct vision, just as nappens when objects are 
viewed too near with the naked eye. 

3rd. In the cases just considered, the images will appear 
erect ; but, in the case where the object is further from the 
mirror than its centre of concavity, the image will be inverted. 
The more distant the object is from the centre the less wUl 
be its image ; but the image and object will coincide when the 
latter is stationed exactly at the centre. 

62. The following laws flow from the fundamental law of 
Catoptrics, namely, that the angles of incidence and reflection 
are always equal. In estimating these angles, it must be 
recollected that no line is perpenoicular to a convex or con- 
cave mirror, which will not, when sufficiently prolonged, pass 
through the centre of the sphere of which tne nurror is a 
portion. The truth of these statements may be illustrated by 
simple drawings; alwajrs recollecting, in drawing the figures, 
to make the angles of incidence and reflection equal. The 
whole may also be shown by the simple experiment of placing 
the flame of a candle in various positions before both convex 
and concave mirrors. {_It is recommended that the learner be 
required to draw a figure to represent each of these laws*'] 

63. Laws of RjErLBCTioN teom ComrEX Mirrors."— 
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(1.) Parallel rays reflected from a coirvEX surface are made 
to diverge. 

(2.) Diverging rays reflected from a convex surface are 
made more diverging. 

(3.) When converging rays tend towards the focus of 
parallel rays, they will become parallel when reflected from 
a CONTEX surface.* 

(4.) When converging rays tend to a point nearer the 
suHface than the focus, they will converge less when reflected 
from a convex surface. 

(5.) If converging rays tend to a point between the focus 
and the centre, they will diverge as from a point on the 
other side of the centre, further from it than the point to- 
wards which they converged. 

(6.) If converging rays tend to a point beyond the centre, 
they will diverge as from a point on the contrary side of the 
centre, nearer to it than the point towards which they con- 
verged. 

(7.) If converging rays tend to the centre, when reflected 
they will proceed in a direction as far from the centre. 

64. Laws of Rbflbction from Concave Mirrors. — 
(1.) Parallel rays reflected from a concave surface are made 
converging. \_See Note to No, 66.] 

(2.) Converging rays falling upon a concave surface are 
made to converge more. 

(3.) Diverging rays falling upon a concave surface, if 
they diverge from the focus of parallel rays, become parallel. 

(4.) If from a point nearer to the surface than that focus^ 
they diverge less than before reflection. 

(5.) If from a point between that focus and the centre, 
they converge, after reflection, to some point on the con- 
trary side of the centre, and frurther from the centre than the 
point from which they diverged. 

(6.) If from a point beyond the centre, the reflected rays 

* For the. lake of distinctioD, the principid focvA V&c;iiX^^'VBi!^ VK.N»k^V 
puraliel ray*."— /V/<vi^. 
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wiU converge to a point on the contrary side, but nearer to 
it than the point from which they diverged. 

(7.) If from the centre, they will be reflected back to the 
same point from which they proceeded. 

65. As a necessary consequence of the laws which have 
now been recited, it may be stated, Firstf in regard to con- 
VBX mirrors, the images of objects invariably appear 
beyond the mirror ; in oti^er words, they are virtual images. 
Secondly, they are seen in their natural position, and. 
Thirdly y they are smaller than the objects themselves ; the 
further the object is from the mirror, and the less the radius 
of the mirror, the smaller the image will be. If the object 
be very remote, its image will be in the virtual focus of the 
mirror. 

66. Secondly, in regard to concave mirrors. 

(1.) The image of an object very remote from a concave 
mirror, as that of the sun, will be in the focus of the mirror, 
and the image will be extremely small. ''^ 

(2.) Every object which is at a distance from the mirror 
greater than its centre, produces an image between this 
point and the focus smaller than the object itself, and in an 
inverted position. 

(3.) If the object be at a distance from the mirror equal 
to the length of its radius, then the image will be at an equal 
distance from the mirror, and the dimensions of the image 

* This iB the manner in which concave mirrors become buming^-g^lasses. 
The ra^ of the sun fall upon them (Murallel [««« No. 64], and they are all re- 
flected into one point, called the focus, where the light and heat are as much 
greater than the ordinary light and heat of the sun as the area of the mirror 
IS greater than the areaofthefocas. It is related of Archimedes, that he 
employed burning-mirrors, two hundred years before the Christian era, to 
destroy the besieging navy of Marcellus, the Roman consul. His mirror was, 
probably, constructs from large numbers of flat pieces. M. de Villette con- 
structed a burning-mirror, in which the area of the mirror was seventeen 
thousand times greater than the area of the focus. The heat of the sun was 
thus increased seventeen thousand times. M. Dufay made a concave mirror 
of plMter of Paris, gilt and burnished, twenty inches in diameter, with which 
he set fire to tinder at the distance of fifty feet. But the most remarkable 
thing of the kind on record is the compound mirror constructed by Buifon. 
He arranged one hundred and sixtv-eigbt small plane mirrors in such a 
manner as to reflect radiant light ana heat to the same focus, like one larjre 
concave mirror* With this apparatus he was able to set wood on fire at the 

diataace of two Aundred and nine feet, to melt lead at a hundred feet, and 

MiJver atSfty feet. 
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wiU be the same as those of the object, bat its position will 
be inverted. 

(4.) If the object be between the focns and the centre of 
curvature, the image wil] be inverted, and its size will much 
exceed that of the object. 

These four varieties of inverted images, produced by the 
reflection of the rays of light from concave mirrors, are some- 
times called *' physical spectra." 

The existence and position of these spectra may easily be 
shown experimentally thus : 

Experiment,'— ^o\d a candle opposite to a concave mirror, 
at the distances named in the last four paragraphs respec- 
tively. The spectrum can, in each case, be received on a 
white screen, wiiich must be placed at the prescribed distance 
from the mirror. 

Different optical instruments, especially reflecting tele- 
scopes, exhibit the apphcation of these spectra. 

(5.) If a luminous body, as, for instance, the flame of an 
argand lamp, or a burning coal, be placed in the focus of a 
concave mirror, no image will be produced, but the whole 
surface of the mirror will be illuminated, because it reflects 
in parallel lines all the rays of light that fall upon it. This 
may be made the subjecf of an experiment so simple as not 
to require further explanation. 

The reflectors of compound microscopes, magic lanterns and 
light-houses, by means of which the light given by the lumi- 
nous body is increased and transmitted in some particular 
direction that may be desired, are illustrations of the practical 
application of this principle. 

(6.) Lastly, place the object between the mirror and the 
focus, and the image of the object will appear behind the 
mirror. It will not be inverted, but its proportions will be 
enlarged according to the proximity of the object to the 
focus. It is this circumstance that gives to concave mirrors 
their magnifying powers, and, because by collecting the sun*8 
rays into a focus they produce a strong heat, they are called 
burning-mirrors . 

67. Media, or Mediums, asi> "R^e^blkc^vs^* — ^ 
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Medium^* iu Optics, is any substance, solid or fluid, 
through which light can pass. 

68. When light passes in an oblique direction from 
one medium into another, it is turned or bent from 
its course, and this is called refraction. The property 
which causes it is called refrangibility. 

69. DioPTKics. — That part of the science of Optics 
w^hich treats of refracted light is called Dioptrics. 

70. A medium, in Optics, is called dense or rare accord- 
ing to its refractive power, and not according to its specific 
gravity. Thus, alcohol, and many of the essential oils, 
although of less specific gravity than water, have a greater 
refracting power, and are, therefore, called denser media 
than water. In the following list, the various substances 
are enumerated in the order of their refractive power, or, iu 
other words, in the order of their density as media, the last- 
mentioned being the densest, and the first the rarest, 
namely : air, ether, ice, water, alcohol, alum, olive oil, oil 
of turpentine, amber, quartz, glass, melted sulphur, diamond. 

71. There are three fundamental laws of Dioptrics, 
on which all its phenomena depend, namely : 

( 1 .) When light passes from one medium to another 
in a direction perpendicular to the surface, it continues 
on in a straight line^ without altering its course. 

(2.) When light passes in an oblique direction, 
from a rarer to a denser medium^ it will be turned 
from its course, and proceed through the denser 
medium less obliquely, and in a line nearer to a 
perpendicular to its surface. 

(3.) When light passes from a denser to a rarer 
medium in an oblique direction, it passes through the 
rarer medium in a more oblique direction, and in a 
line further from a perpendicular to the surface of the 
denser medium. 

* The proper plural o/ this word it meclia, although mediums is freqaentif 
tuett 




72. In Kg. 15, the line A B repreBents a my of light 
passing from air into water, in a perpemlicular direction, 
Ac(-ordiDg to the first law stated above, ^B' i*- 
it will continue on in the some line througb ' — ''— 
the denser medium to E. If the ray were "" 
to passapwEird througb the denser medium, 
the water, in the same perpendicular direc- I — ^ — -';^-0-—-ij 
tion to the air, by the same Uw it would t^^^^^H"" ^ 
also continoe on in the same straight line e 
to A. 

Bot, if the ny proceed from a rarer to a denser medium, 
in an oblique direction, as from C to B, when it enters the 
denser medium it will not continue on in the same straight 
line to D, but, by the second law, stated above, it will be 
refracted or bent out of its course, and proceed in a less 
obliqoe direction to F, which is nearer the perpendicular 
A B£thanDis. 

Again, if the ray proceed from the denser medium, the 
water, to the rarer medium, the air, namely, JVom F to B, 
instead of pursuing its straight course to G, it will be re- 
fracted according to the third law above stated, and proceed 
in a more oblique direction to C, which is further from the 
perpendicular E B A than G is. The refraction is more or 
less in all cases in proportion as the rays fall more or leas 
obliqneljr on the refracting surface. 

73. From what has now been stated with regard to re- 
fraction, it will be seen that many interesting facts may be 
explained. Thus, an oar or a stick, when partly immei'sed 
in water, appears bent, because we see one part in one me- 
dium, and the other in another medium : the part which is 
in the water appears higher than it really ia, on account of 
the refraction of the denser medium. For the same reason, 
when we look obliquely upon a body of water it appears 
more shallow than it really is. But, when we look ptrpen- 
dicularly downwards, we are liable to no such deception, 
because there will be no refraction. 

74c. Let a piece of money he put into a cop or a boill, and 
the cup and the eye be placed in puuh a position tbat tW ^i% 
of the cup will just hide the money (torn \Xe i^^^■\ 'C&'i^i 
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keeping the eye directed to the same spot, let the cup be filled 
with water, — the money will become distinctly visible. 

75. The refraction of light prevents our seeing the hea- 
venly bodies in their real situation. 

The light which they send to us is refracted in passing 
through the atoiosphere, and we see the sun, the stars, &c., 
in the direction of the refracted ray. In consequence of 
this atmospheric refraction, the sun shedls his light upon us 
eaiiier in the morning, and later in the evening, than we 
should otherwise perceive it. And, when the sun is actually 
below the horizon^ those rays which would otherwise be 
dissipated through space are refracted by the atmosphere 
towards the surface of the earth, causing twilight. The 
greater the density of the air, the higher is its refractive 
power, and, consequently, the longer the duration of twi- 
light. 

It is proper, however, here to mention that there is another 
reason, why we do not see the heavenl;y^ bodies in their true 
situation. Light, though it moves with great velocity, is 
about eight and a half minutes in its passage from the sun to 
the earth, so that when the rays reacn us the sun has quitted 
the spot he occupied on their aeparture ; yet we see him in 
the direction of those rays, and, consequently, in a situation 
which he abandoned eight minutes and a half before. The 
refraction of li^ht does not affect the appearance of the hea- 
venly bodies when they are vertical, that is, dirdctly over our 
heads, because the rays then pass vertically, a direction incom- 
patible with refraction. 

76. When a ray of light passes from one medium 
to another^ and through that into the first again, 
if the two refractions be equal, and in opposite direc- 
tions, no seni^ible effect will be produced. 

This explains the reason why the refractive power of flat 
window-glass produces no effect on objects seen through it. 
The rays suffer two refractions, which, being in contrary di- 
rections, produce the same effect as if no reuraction had taken 
place. 

77. Lenses. — A Lens is a glass, which, owing to 
Jt^ peculiar foraiy causes the rays of light to con- 
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verge to a focuB, or disperses them, aceording to tlie 
laws of refraction. 

78. There are varioiiB kinds of lenses, named ac- 
cording to their focus ; but tliey are all to be con- 
sidered as portions of the internal or external sur- 
face of a sphere. 

79. A single ''v- u. 
convex lens has 
one side flat and 
the other convex; 
as A, in Fig. 16. r^l 

80. A single 
concave lens is 
flat on one side 
and concave on the other, as B, in Fig. 16. 

81. A double convex lens is convex on both sides, 
as C, Fig. 16. 

A double concave lens is concave on both sides, as 
D, Fig. 16. 

A meoiscua is convex on one side and concave on 
the other, as E, Fig. 16. 

82. The word mmUaa is deriTed from the Greek Ian- 
guage, and means literally a little moon. This term ia 
applied to a eoncavo-eomiex Icdh, from its similarity to a 
moon in its early appearance. To this kind of lens the 
term peritcopic has recently been applied, from the Greek 
language, meaning literally, viewinff on all tideB. When the 
concave and convex sides of periBCopie glassei are even, or 
parallel, they act as plane glasses ; but when the sides are 
unequal, or not parallel, they will act as concave or convex 
lenses, according as the concavity or the convexity is the 
greater. 

83. The axis of a lens ia a line passing through 
the centre: thus F Q, Fig. 16, is the axis of all the 
Ave lenses. 
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84. The peculiar form of the various kinds of 
lenses causes the light which passes through them 
to be refracted from its course according to the laws 
of Dioptrics. 

It will be remembered that, according to these laws, light, 
in passing from a rarer to a denser medium, is refracted 
towards the perpendicular j and, on the contrary, that in 
passing from a denser to a rarer medium it is refracted 
further from the perpendicular. In order to estimate the 
effect of a lens, we must consider the situation of the perpen- 
dicular with respect to the surface of the lens. Now a per- 
pendicular, to any convex or concave surface, must always, 
when prolonged, pass through the centre of sphericity ; 
that is, in a lens, the centre of the sphere of which the lens 
is a portion. By an attentive observation, therefore, of the 
laws above stated, and of the situation of the perpendicular 
on each side of the lens, it will be found, in general, — 

(1.) Tfmt convex lenses collect the rays into a focus, and 
magnify objects at a certain distance, 

(2.) That concave lenses disperse the rays, and diminish 
objects seen through them. 

85. The focal distance of a lens is the distance 
from the middle of the glass to the focus. This, in 
a single convex lens, is equal to the diameter of the 
sphere of which the lens is a portion, and in a double 
convex lens is equal to the radius of a sphere of 
which the lens is a portion. 

86. When parallel rays* fall on a convex lens, 
those only which fall in the direction of the axis of 
the lens are perpendicular to its surface, and tbosa 
only will continue on in a straight line through the 
lens. The other rays, falling obliquely, are refracted 
towards the axis^ and will meet in a focus. 

* Tlie rays of the sun are considered parallel at the surface of the earth. 
They are not so in reality, but, on account of the great distance of that lu- 
nwmry, their divergency is so small that it is altogether inappreciable. 
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87. It is this property of a convex lens which gives it its 
power as a burning-glass, or sun-glass All the parallel rays 
of the sun which pass through the glass are collected to- 
gether in the focus ; and, consequently, the heat at the focus 
is to the common heat of the sun as the area of the glass is to 
the area of the focus. Thus, if a lens, four inches in dia- 
meter, collect the sun's rays into a focus at the distance of 
twelve inches, the image will not be more than one-tenth of 
an inch in diameter ; the surface of this little circle is 1 600 
times less than the surface of the lens, and consequ ntly 
the heat will be 1600 times greater at the focus than at the 
lens. 

88. The following effects were produced by a large lens, or 
burning glass, two feet in diameter, made at Leipsic in 1691. 
Pieces of lead and tin were instantly melted ; a plate of iron 
was soon rendered red hot, and afterwards fused, or melted ; 
and a burnt brick was converted into yellow glass. A double 
convex lens, three feet in diameter, and weighimg two hundred 
and twelve pounds, made by Mr. Parker in England, melted 
the most refractory substances. Cornelian was lused in seven- 
ty-five seconds, a crystal pebble in six seconds, and a piece of 
white agate in thirty seconds. This lens was presented by 
the King of England to the Emperor of China. 

89. If a convex lens have its sides ground down into 
several flat surfaces, it will present as many images of an 
object to the eye as it has flat surfaces. It is then called 
a Multiplying-glass. Thus, if one lighted candle be viewed 
through a lens having twelve flat surfaces, twelve candles 
will be seen through the lens. The principle of the multi- 
plying-glass is the same with that of a convex or concave 
lens. 

90. The following effects result from the laws of refraction. 
Facts with BEChABD to Convex Subfaces.— (1.) Parallel 

rays passing out of a rarer into a denser medium, through a 
convex surface, will become converging. 

(2.) Diverging rays may be made to diverge less, to become 
parallel, or to converge, according to the degree of diver- 
gency before refraction, or the convexity of the sutfafi,^. 
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(S.) Conrerging rays towards the centre of convexity Trill 
Buffer no refraction. 

(4.) Rays conyerging to a point beyond the centre of con- 
texity wiJl be made more converging. 

(5.) Conyerginff rays towards a point nearer the snr&ce 
than the centre of convexity will be made less converging by 
refraction. 

[When the rays proceed out of a denser into a rarer me- 
dium, the reverse occurs in each ease.]. 

91. Facts WITH BBOABD TO Cokcavb Surfacbs. — (1.) Pa- 
rallel rays proceeding out of a rarer into a denser medium^ 
through a concavb surface, are made to diverge. 

(2.) Diverging rays are made to diverge more, to suffer no 
refraction, or to diverge less, according as they proceed from 
a point beyond the centre, from the centre/ or between the 
centre and the surface. 

(3 ) Converging rays are made less converging, parallel, or 
diverging, accordmg to their degree of convergency before 
refraction. 

92. The above eight principles are all the necessary conse- 
quence of the operation of the three laws mentioned as the 
nmdamentai laws of Dioptrics, The reason that so many dif- 
ferent principles are produced by the operation of those laws 
is, that the perpendiculars to a convex or concave surface are 
^jonstantly varying, so that no two are parallel. But in flat 
surfaces the perpendiculars are parallel ; and one invariable 
result is produced by the rays wnen passing from a rarer to 
a denser, or from a denser to a rarer medium, having a flat 
surface. 

[When the rays proceed out of a denser into a rarer me- 
dium, the reverse takes place in each case.] 

93. Double convex, and double concave glasses, 
or lenses, are used in spectacles, to remedy the de- 
fects of the eye : the former, when by age it becomes 
too flat, or loses a portion of its roundness : the latter 
when by any other cause it assumes too round a form, 
as in the case of short-sighted (or, as they are some- 
tJmes called, near-sighted) persons. Convex glasses 
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are ased when the eye is too flat, and concave glasses 
when it is too round. 

These lenses or glasses are generally nnmhered, hy opti- 
cians, according to their degree of convexity or concavity ; so 
that, hy knowing the number that fits the eye, the purchaser 
can generally be accommodated without the trouble of trying 
many glasses. 

94. The Etb. — The eyes of all animals are constructed on 
the same principles, with such modifications as are necessary 
to adapt uiem to the habits of the animal. The knowledge, 
therefore, of the construction of the eye of an animal will 
give an insight of the construction of the eyes of all. 

95. The eye is composed of a number of coats, or 
coverings^ within which are enclosed a lens, and 
certain humours, in the shape and performing the 
office of convex lenses.* 

96. The different parts of the eye are : — 



(1.) The Cornea. 

(2.) The Iris. 

(3.) The Pupil. 

(4.) The Aqueous Humour. 

(5.) The CrystaUine Lens. 



(6.) The Vitreous Humour. 
(7.) TheRetma. 
(8.) The Choroid. 
(9.) The Sclerotica. 
(10.) The Optic Nerve. 



Kg. 17. 



97. Fig. 17 represents a front 
view of the eye, in which a « re* 
presents the Cornea, or, as it is 
commonly called, the white of the 
eye ; e eis the Iris, having a cir- 
cular opening in the centre called 
the pupil, p, which contracts in a 
strong light, and expands in a 
faint light, and thus regulates the 
quantity which is' admitted to 

• The following^ description of the eye is taken pnnciMlly from Paxton's 
Introduction to the Study of Anatomy, edited by Dr. Winslow Lewis, of 
ICewTorIc 
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Fig. 18. 




the tender parts in the 
Ulterior of the eye. 



98. Fig. 18 represents 
a side view of the eye laid 
^* open, in which b b repre- 
sents the cornea, e e the 
iris, d d the pupil, / f 
the aqueous humour, g g 
the crystalline lens, h k 
the vitreous humour, i % i i i 
the retina, c c the choroid, 
a a a a a the sclerotica, and ti the optic nerve. 

99. The Cornea forms the anterior portion of the 
eye. It is set in the sclerotica in the same manner 
as tlie crystal of a watch is set in the case. Its degree 
of convexity varies in different individuals^ and in 
different periods of life. As it covers the pupil and 
the iris, it protects them from injury. Its principal 
office is to cause the light which reaches the eye to 
converge to the axis. Part of the light, however, 
is reflected by its finely-polished surface, and causes 
the brilliancy of the eye. 

100. The Iris is so named from its being of dif- 
ferent colours. It is a kind of circular curtain, 
placed in the front of the eye, to regulate the quan- 
tity of light passing to the back part of the eye. It 
has a circular opening in the centre, which it invo- 
luntarily enlarges or diminishes. 

101. It is on the colour of the iris that the colour 
of the eye depends. Thus a person is said to have 
black, blue, or hazel eyes, according as the iris re- 
flects those colours respectively. 

102. The pupil is merely the opening in the iris, 
through which the light passes to the lens behind. 
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It is always circular in the human eye, but in quad- 
rupeds it is of different shape. When the pupil is 
expanded to its utmost extent, it is capable of ad- 
mitting ten times the quantity of light that it does 
when most contracted. 

103. In cats, and other animals which are said to see in 
the dark, the power of dilatation and contraction is much 
greater ; it is computed that their pupils may receive one 
hundred times more light at one time than at another. That 
light only which passes the pupil can be of use in vision ; 
that which falls on the iris, being reflected, returns through 
the cornea, and exhibits the colour of the iris. 

When we come from a dark pl:ice into a strong light, our 
eyes suffer pain, because the pupil, being expanded, admits a 
larger quantity of light to rusk m, before it has had time to 
contract. And when we go from a string light into a faint 
one, we at first imagine ourselves in darkness, because the 
pupil is then contracted, and does not instantly expand. 

104. The Aqueous Humour is a fluid as clear as 
the purest water. In shape it resembles a meniscus, 
and, being situated between the cornea and the crys- 
talline lens, it assists in collecting and transmitting 
the rays of light from external objects to that lens. 

105. The Crystalline Lens is a transparent body, 
fai the form of a double convex lens, placed between 
the aqueous and the vitreous humours. Its office is 
not only to collect the rays to a focus on the retina, 
but also to increase the intensity of the light which 
is directed to the back part of the eye. 

106. The Vitreous Humour (so called from its 
resemblance to melted glass) is a perfectly trans- 
parent mass, occupying the globe of the eye. Its 
shape is like a meniscus, the convexity of which 
greatly exceeds the concavity. 




107. Id Fig. 1 
aqueous aud vitrei 

crystalline lent is presented, a is the 

B aqneouB hsroour, which is a meniscus, 

■ b the crystalliae lens, which is a 

' doable convex leoe, andc the vitreous 

humonr, which is also a meniscus, 

whose concaniy aas a smaller radius than its convexity. 

108. The Retina is the seat of vision. The rays 
of light, being refracted in their passage by the other 
parts of the eye, are brought to a. focus in the retina, 
where an inverted image of the object is represented! 

109. The Choi-oid is the inner coat or covering of 
the eye. Its outer and inner surface is covered with a 
substance called the pigmentum nigrum (or black 

[taint). Its office is, apparently, to absorb the rays of 
ight immediately afl«r they have fallen on the retina. 
It is the opinion of some pbilosopliers that it is the 
choroid, and not the retina, which conveys the sen- 
sation produced by rays of light to the brain. 

110. The Sclerotica is the outer coat of the eye. 
It derives its name from its hardness. Its office is to 
preserve the globular figure of the eye, and defend 
its more delicate internal structure. To the sclerotica 
are attached the muscles which move the eye. It 
receives the cornea, which is inserted in it somewhat 
like a watch-glass in its case. It is pierced by the 
optic nerve, which passing through it, expands over 
the inner surface of the choroid, and thus forms the 
retina, 

111. The Optic Nerve is the organ which carries 
the impressions made by the rays of light, (whether 
by the medium of the retina, or the choroid) to the 

brain, and thus produces the sensation of sight. 
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112. The eye is a natural camera obscura [see No. 
34], and the images of all objects seen by the eye 
are represented on the retina in the same manner as 
the forms of external objects are delineated in that 
instrument. 

113, Fig. 20 represents only those parts of the eye 
which are most essential for the explanation of the phe- 

Fig. ». 




nomenon of vision. The image is formed thus : — The rays 
from the object e d, diverging towards the eye, enter the 
cornea c, and cross one another in their passage through 
the crystalline lens d, by which they are made to converge 
on the retina, where they form the inverted image /«. 

114. The convexity of the crystalline humour is increased 
or diminished by means of two muscles, to which it is at- 
tached. By this means, the focus of the rays which pass 
through it constantly falls on the retina ; and an equally 
distinct image is formed, both of distant objects and those 
which are near. 

115. Although the image is inverted on the retina, we see 
objects erect, because all the images formed on the retina 
have the same relative position which the objects themselves 
have ; and, as the rays all cross each other, the eye is di- 
rected upwards to receive the rays which proceed from the 
upper part of an object, and downwards to t^^ievN^ >^<3»fc 
w^ch proceed from the lower part. 
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116. A distinct image is also formed on the retina of each 
eye ; but, as the optic nerves of the two eyes unite, or cross 
each other, before they reach the brain, the impressions re- 
ceived by the two nerves are united, so that only one idea is 
excited, and objects are seen single. Although an object 
may be distinctly seen with only one eye, it has been calcu- 
lated that the use of both eyes makes a difference of about 
one-twelfth. From the description now given of the eye, it 
may be seen what are the defects which are remedied by the 
use of concave and convex lenses, and how the use of these 
lenses remedies them. 

117. When the crystalline humour of the eye is too 
round, the rays of light which enter the eye converge to a 
focus before they reach the retina, and, therefore, the image 
will not be distinct ; and when the crystalline humour is too 
flat (as is often the case with old persons), the rays will not 
converge on the retina, but tend to a point beyond it. A 
convex glass, by assisting the convergency of the crystalline 
lens, brings the rays to a focus on the retina, and produces 
distinct vision. 

118. The eye is also subject to imperfection by reason of 
the humours losing their transparency, either by age or dis- 
ease. For these imperfections no glasses offer a remedy, 
without the aid of surgical skill. The operation of couching 
and removing cataracts from the eye consists in making a 
puncture or incision through which the diseased part may , 
escape. Its office is then supplied by a lens. If, however, 
the operator, by accident or want of skill, permit the vitreous 
humour to escape, the globe of the eye immediately dimin- 
ishes in size, and total bUndness is the inevitable result. 

119. A single microscope consists simply of aeon- 
vex lens, commonly called a magnifying-glass ; in the 
focus of which the object is placed^ and through 
which it is viewed. 

120. By means of a microscope the rays of light from 
.an object are caused to diverge less ; so that when they 
enter the pupil of the eye they fall parallel on the crystalline 

Jejis, by which they are refracted to ^liocvia^stiNikax^tiua, 



THE MICROSCOPE. 



41 



Fig. 21. 




121. Fig. 21 represents a convex lens, or single micros- 
cope, C P. The diverging rays from the object A B are 
refracted in their passage through the lens C F, and made 
to fall parallel on the 
crystaUine lens, by 
which they are re- 
fracted to a focus on 
the retina R R ; and 
the image is thus 
magnified, because the 
divergent rays are col- 
lected by the lens and 
carried to the retina. 

122. Those lenses 
or microscopes which have the shortest focus have the 
greatest magnifying power, and those which are the most 
bulging or convex have the shortest focus. Lenses are 
made small, because a reduction in size is necessary to an 
increase of curvature. 

123. A double microscope consists of two convex 
lenses, by one of which a magnified image is formed, 
iand by the other this image is carried to the retina 
of the eye. 

124. Fig. 22 represents the effect produced by the lenses 
of a double microscope. The rays which diverge from the 
object A B are collected by the lens L M (called the object- 
glass, because it is nearest to the object), and form an in- 

Fig. M. 

N 
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verted magnified image at C D. The rays which diverge 
from this image are collected by the lens N O (called the 
eye-glass, because it is nearest to the eye), which acts on the 
principle of the single microscope, and forms a still more 
magnified image on the retina R R. 

125. The solar microscope is a microscope with a 
mirror attached to it, upon a movable joint, which 
can be so adjusted as to receive the sun*s rays and 
reflect them upon the object. It consists of a tube, 
a mirror or looking-glass^ and two convex lenses. 
The sun's rays are reflected by the mirror through 
the tube upon the object^ the image of which is 
thrown upon a white screen^ placed at a distance to 
receive it. 

126. The microscope, as above described, is used for 
viewing transparent objects only. When opaque objects are 
to be viewed, a mirror is used to reflect the light on the 
side of the object : the image is then formed by light 
reflected from the object, instead of being transmitted 
through it. 

127. The magnifying power of a single microscope is 
ascertained by dividing the least distance at which an object 
can be distinctly seen by the naked eye by the focal distance 
of the lens. This, in common eyes, is about seven inches. 
Thus, if the focal distance of a lens be only i of an inch, 
then the diameter of an object will be magnified 28 times (be- 
cause 7 divided by \ is the same as 7 multiplied by 4), and 
the surface will be magnified 784 times. 

The magnifying power of the compound microscope is 
found in a similar manner, by ascertaining the magnifying 
power, first of one lens, and then of the other. 

The magnifying power of the solar microscope is in pro- 

portion as the distance of the image from the object-glass is 

greater than that of the object itself from it. Thus if the 

distance o( the object from the object-glass be \ of inch, 

and the distaace of the image, or pktvire^ on the screen, be 
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ten feet, or 120 inches, the object will be magnified in 
length 480 times, or in sorfoce 230.000 times. 

A lens maj be oansed to msftnify or to diminiBh an object. 
If tbe object be placed at a distance from the focus of a.Iena, 
and tbe image be formed in or near tbe focus, the image will 
be diminished ; but, if the object be placed near the /ocub, 
the image irill be magnified. 

Tbe Magic Lantern is an instrument constructed 
on tlie principle of the solar microscope, but the ligbt 
is supplied by a lamp instead of the sun. 

128. llie objects to be viewed by the magic lantern are 
generally painted with transparent colours, on glass slides, 
which are received into an opening in the front of the 
lantern. The light from the lamp in the lantern passes 
through them, and carries tbe pictures painted on the slides 
through the lenses, by means of which a magnified image 
is tbrown upon the wall, on s white surface prepared to re- 
ceive it. 




Fig. 23 represents the magic 1arit«m. Tbe rays of light 
from the lamp are received npon tbe concave mirror e, and 
reflected to tbe convex lens c, which is called the condensing 
l«ns, because it concentrates a large qnanlity of light upon 
tbe object painted on tbe slide, inserted at b. The rays 
from the illnminated object at b tvte cameii fiv)«^s*. 
tiavBgb the Jeas a, /orming an intftge on ^'K cne/^cv fA. I > 
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The image will increase or diminish in size, in proportion to 
the distance of the screen from the lens a. 

129. DissoLTiNG Views. — The exhibition called ** Z)iV 
solving Views" is made by means of two magic lanterns of 
equaL power, so as to throw pictures of the same magnitude 
in the same position on the scrdfen. By the proper adjust- 
ment of sliding tubes and shutters, one picture on the screen 
is made brighter while the other becomes fainter, so that the 
one seems to dissolve into the other. In the hands of a 
skilful artist* this is an exhibition of the most pleasing kind. 

130. Telescopes. — A Telescope is an instrument 
for viewing distant objects, and causing them to ap- 
pear nearer to the eye. 

131. Telescopes are constructed by placing lenses of dif- 
ferent kinds within tubes that slide within each other, thus 
affording opportunity of adjusting the distances between the 
lenses within. 

132. They are also constructed with mirrors, in addition 
to the lenses, so that, instead of looking directly at an ob- 
ject, the eye is directed to a magnified image of the object, 
reflected from a concave mirror. This has given rise to the 
two distinctions in the kinds of telescopes in common use, 
called respectively ^the Refracting and the Reflecting 
Telescope. 

133. The Refracting Telescope is constructed with 
lenses alone, and the eye is directed toward the ob- 
ject itself. 

134. The Reflecting Telescope is constructed with 
one or more mirrors, in addition to the lenses ; and 
the image of the object, reflected from a concave 
mirror, is seen instead of the object itself. 

* The Polytechnic Institution has ^iven several exhibitions of this kind, 
with f|(-reat success. A summer scene seemed tu dissolve into the same 
scene in mid-winter; a daylig'ht view was gradually made to faint succes- 
sively into twilight anH moonshine ; and many chanres of a most inteiTst- 

I'a^ nature showed how pleasin;; an exUibitlQa might be made by a skiltul 

comhittatioD of science aud art 
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135. Each of these kinds of telescope has its respective 
advantages, but refracting telescopes have been so much 
improved, that thej have in some degree superseded the re- 
flecting telescopes. 

136. Among the improvements which have been made in 
the telescope, may be mentioned, as the most important, 
that pecuhar construction of the lenses by which they are 
made to give a pencil of white light, entirely colourless. 
Lenses are generally faulty in causing the object to be partly 
tinged with some colour, which is imperfectly refracted. 
The fault has been corrected by employing a double object- 
glass, composed of two lenses of different refracting power, 
which will naturally correct each other. The telescopes in 
which these are used are called Achromatic. Common tele- 
scopes have a defect arising from the convexity of the 
object-glass, which, as it is increased, has a tendency to 
tinge the edges of the images. To remedy this defect, 
achromatic lenses were formed by the union of a convex lens 
of crown glass with a concave lens of flint glass. Owing to 
the diflerence of the refracting power of these two kinds of 
glass, the imat^es hec&me free from colour and more distinct ; 
and hence the glasses which produce them were called 
Achromatic, that \s, free from colour. 

Lenses are also subject to another imperfection, called 
spherical aberration, arising from the different degrees of 
thickness in the centre and edges, which causes the rays 
that are refracted through them to come to a shorter focus 
through the central parts, on account of the greater refract- 
ing power of these parts. To correct this defect, lenses 
have been constructed of gems and crystals, &c., which have 
a higher refractive power than glass, and require less spher- 
icity to produce equal eflfects. 

137. The simplest form of the telescope consists of two 
convex lenses, so combined as to increase the angle of vision 
under which the object is seen. The lenses are so placed 
that the distance between them may be equal to the sum of 
their focal distances. 

138. The lens nearest to the eje \s evsW^^Joa^^^:- 
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glass, and that at the other extremity is called the 
Object-glass. 

139. Objects seen through telescopes of this construction 
(namely, with two glasses only) are always inverted, and for 
this reason this kind of instrument is principally used for 
astronomical purposes, in which the inversion of the object 
is immaterial. Hence, this is also called the Night-glass. 

140. The common day telescope, or spy-glass, ia an 
instrument of the same sort, with the addition of two, or 
even three or four glasses, for the purpose of presenting the 
object upright, increasmg the field of vision, and diminish- 
ing the aberration caused by the dissipation of the rays. 

141. Fig. 24 represents a night-glass, or astronomical 
telescope. It consists of a tube A B C D, containing two 
glasses, or lenses. The lens A B, having a longer focus, 
forms the object-glass ; the other lens, D C, is the eye-glass. 

Fijr.24. 



K_ 




The rays from a very distant body, as a star, and which 
may be considered parallel to each other, are refracted by 
the object-glass A B to a focus at K. The image is then 
seen through the eye-glass D C, magnified as many times 
as the focal length of the eye-glass is contained in the focal 
length of the object-glass. Thus, if the focal length of the 
eye-glass D C be contained 100 times in that of the object- 
glass A B, the star will be seen magnified 100 times. It 
will be seen, by the figure, that the image is inverted ; for 
the ray M A, after refraction, will be seen in the direction 
C O, and the ray N B in the direction D P. 

142. Fig. 25 represents a day-glass, or terrestrial tele- 
scope, commonly called a spy-glass. This, likewise, consists 
of a tube A B H G, containing four lenses, or glasses, 
namely, AB,CD,E¥, and O ft. Vca lens A B is the 
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object-glass, and G H the eye-glass. The two additional 
eye-glasses, E F and C D, are of the same size and shape, 
and placed at equal distances from each other, in such a 

Fiy. 36. 




manner that the focus of the one meets that of the next 
lens. These two eye-glasses E F and C D are introduced 
for the purpose of collecting the rays proceeding from the 
inverted image M N, into a new upright image, between 
G H and E F ; and the image is then seen through the last 
eye-glass G H, under the angle of vision P O Q. 

Opera Glasses are ^constructed on the principle of the 
refracting telescope. They are, in fact, nothing more than 
two small telescopes, united in such a manner that the eye- 
glasses of each may be moved together, so as to be adjusted 
to the eyes of different persons. 

143. The Reflecting Tklescope. — The Reflecting 
Telescope, in its simplest form, consisted of a concave mirror 
and a convex eye-glass. The mirror throws an image of 
the object, and the eye-glass views that image under a larger 
angle of vision. This instrument was subsequently improved 
by Newton, and since him by Cassegrain, Gregory, Hadley, 
Short, and the Herscliels. 

144. Fig. 26 represents the Gregorian Telescope. It 

Fig. 26. 
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consists of a large tube, containing two concave metallic 
mirrors, and two piano convex eye-glasses. The rays from 
a distant object are received through the open end of the 
tube, and proceed from r r to r Vy and thence to the large 
mirror A B, which reflects them to a focus at g^ whence 
they diverge to the small mirror C, which reflects them 
parallel to the eye-glass F, through a circular aperture in 
the middle of the mirror A B* The eye-glass F collects 
those reflected rays into a new image at I, and this image 
is seen magnified through the second eye-glass G. 

It is thus seen that the mirrors bring the object near to 
the eye, and the eye-glasses magnify it. Reflecting tele- 
scopes are attended with the advantage that they have 
greater magnifying power, and do not so readily de- 
compose the light. It has already been stated that the 
improvements in refractors have given them the greater 
advantage. 

145. The Cas&egrainian telescope differs from that which 
has been described, in having the smaller mirror convex. 
This construction is attended with two advantages ; firbt, it 
is superior in distinctness of its images, and, second, it 
dispenses with the necessity of so long a tube. 

146. The telescopes of Herschel and of Lord Rosse 
dispense with the smaller mirror. This is done by a slight 
inclination of the large mirror, so as to throw the image on 
one side, where it is viewed by the eye-glass. The observer 
sits with his back towards the object to be viewed. 
Herschels gigantic telescope was erected at Slough, near 
Windsor, in 1789. The diameter of the speculum or mirror 
was four feet, and the mirror weighed 2118 pounds; its 
focal distance was forty feet. 

147. The telescope of Lord Rosse is the largest that has 
ever been constructed. The diameter of the speculum is six 
feet, and its focal distance fifty-six feet. Thadiameter of tlie 
tube is seven feet, And the tube and speculum weigh more 
than fourteen tons. The cost of the instrument was about 
fjrclve thousand pounds. 



CHROMATICS. 49 

148. Chromatics. — ^That part of the science of 
Optics which relates to colours is called Chromatics. 

149. Light is not a simple thing in its nature, but 
is composed of rays of different colours, each of 
wliich has different degrees of refrangibility, and has 
also certain peculiarities with regard to reflection. 

150. Some substances reflect some of the rays that 
fall upon them, and absorb the others ; some appear 
to reflect all of them^and absorb none; while others^ 
again^ absorb all and reflect none. Hence, bodies in 
general have no colour of themselves, independent 
of light, but every substance appears of that colour 
which it reflects. 

151. White is a due mixture of all colours in nice 
and exact proportion. When a body reflects all tlie 
rays that fall upon it, it will appear white, and the 
purity of the whiteness depends on the perfectuess of 
the reflection. 

152. Black is the deprivation of all colour ; and 
when a body reflects none of the rays that fall upon 
it, it will appear black. 

153. Some bodies reflect two or more colours either par- 
tially or perfectly, and they therefore present the varied 
hues which we perceive, formed from the mixture of rays of 
different colours.* 

154. The colours which enter into the composition 
of light, and which possess different degrees of re- 
frangibility, are seven in number, namely, red, orange, 
yellow, green, blue, indigo, and violet. 

* When the eye has become fatigued by grazing intently on any object, of a 
red or of any other colour, the retina loses, to some extent, its senbitiveness to 
that colour, somewhat in the same manner that the ear is deafened for a 
moment by an overpowering sound. If tlMt object be removed, and another 
be presented to the eye. of a different colour, into the compusition of which 
red enters, the eye, insensible to the red, will perceive the other colours^ oc 
the compound colour which they would form by the omU%\o\\ q1 \.\\<& x<&^^^^^^^ 
the object thus presented would apear of that co\out. 'V\\% VxvsXSx «*i \^n* ^'k- 
mark may be easily tef ted. Fix the eye inlenUy to¥ ttom^ V\mft w\ «>. x«^ >H«A«t 
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155. A Prism is a solid, triangular piece of highly- 
polished glass. 

166. A prism which will answer the same purpose as a solid 
one may be made of three pieces of plate glass, about six or 
eight inches long and two or three broad, joined together at 
their edges, and made water-tight by putty. The ends may 
be fitted to a triangular piece of wood, in one of whi(^ an 
aperture is made by which to fill it with water, and thus to 
give it the appearance and the refractive power of a solid 
prism. 

157. When light is made to pass through a prism, 
the different- coloured rays are refracted or separated, 
and form an image on a screen or wall, in which tiie 
colours will be arranged in the order just mentioned. 

158. Fig. 27 represents rays of light passing from the 
aperture, in a window -shutter A B, through the prism P. 

Fig. 27. A 
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on a sheet of white paper. On removing the wafer, the white disk beneath it 
will transmit all the colonrs of white light : but the eye. inwnsible to the red. 
will perceive the blue or green colours at the other end of the spectruiDj and 
the other spot, where the red wafer was, will appear of a blujfh.green until the 
retina recovei^ its sensibility for red lieht. The colours thus substituted by 
the fatiirued eye kre called the accidental colour. ^ ^v •♦v ui u 

The Scidental colours of the seven prismatic colours, together with bUck 
and white, are as follows : Aeddetital Colour, 
«-^ Bluish Green. 

Ji!?;;;- Blue 

S^"^ .... Indigo. 

Y«"ow ;:.;.......... Viollt reddish. 

S/Jfjl- Orange red. 

f5^/S^ ::"::::::::;;:: ::. :. oranjeyeiiow, 
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Instead of continuing in a Ftraight course to E, and there 
forming an image, they will be refracted, in their passage 
through the prism, and form an image on the screen C D. 
But, as the different coloured rays have different degrees of 
refrangibility, those which are refracted the least will fall 
upon the lowest part of the screen, and those which are re- 
fracted the most will fall upon the highest part. The red 
rays, therefore, suffering the smallest degree of refraction, 
fall on the lowest part of the screen, and the remaining 
colours are arranged in the order of their refraction. 

159. It is supposed that the red rays are refracted t)ie 
least, on account of their greater momentum ; and that the 
blue, indigo and violet, are refracted the most, because thev 
have the least momentum. The same reason, it is supposea, 
will account for the red appearance of the sun through a fog, 
or at rising and setting. The increased quantity of the at- 
mosphere which the oblique rays must traverse, and its being 
loaded with mists and vapours, which are usually formed at 
those times, prevents the other rays from reaching us. 

A similar reason will account for the blue appearance of the 
sky. As these rays have less momentum, they cannot tra- 
verse the atmosphere so readily as the otlier rays, and they 
are, therefore, reflected back to our eyes by the atmosphere. 
If the atmosphere did not reflect any rays, the skies would 
appear perfectly black. 

160. If the coloured rays which have been separated by 
a prism fall upon a convex lens, they will converge to a 
focus, and appear white. Hence it appears that white is 
not a simple colour, but is produced by the union of several 
colours. 

161. The Spectrum formed by a glass prism being di- 
vided into 360 parts, it is found that the red occupies 45 
of those parts, the orange 27, the yellow 48, the green 60, 
the blue 60, the indigo 40, and the violet 80. By mixing 
the seven primitive colours in these proportions, a white is 
obtained ; but, on account of the impurity of all colours, it 
will be of a dingy hue. If the colours were more clearly and 
accurately defined, the white thus obtained would appear 
more pure also. An experiment to ^to\^ '^iX^ia.X. \a.^ *>i!i&^. 
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been said may be thus performed : — Take a circular piece 
of board, or card, and divide it into parts by lines drawn 
from the centre to the circumference. Then, having painted 
the seven colours in the proportions above named, cause the 
board to revolve rapidly around a pin or wire at the centre. 
The board will then appear of a white colour. From this it 
is inferred that the whiteness of the sun's light arises from 
a due mixture of all the primary colours. 

162. The colours of all bodies are either the simple 
colours, as refracted by the prism, or such compound colours 
as arise from a mixture of two or more of them. 

163. From the experiment of Dr. Wollaston, it appears 
that the seven colours formed by the prism may be reduced 
to four, namely, red, green, blue, and violet ; and that the 
other colours are produced by combinations of these, but 
violet is merely a mixture of blue and red, and green is 
a mixture of blue and yellow. A better division of the 
simple colours is blue, yellow, and red. 

164. I'ight is found to possess both heat and chemical 
action. The prismatic spectrum presents some remarkable 
phenomena with regard to these qualities ; for, while the red 
rays appear to be the seat of the maximum of heat, the violet, 
on the contrary, are the apparent seat of the maximum of 
chemical action. 

165. Light, from whatever source it proceeds, is of the same 
nature, composed of the various-coloured rays ; and although 
some substances appear differently by candle-light from what 
they appear by day, 'this result may be supposed to arise 
from the weakness or want of purity in artificial light. 

166. There can he no light without colours ^ and there can be 
no colours without light. 

167. That the above remarks in relation to the colours of 
bodies are true, may be proved by the following simple expe- 
riment. Place a coloured body in a dark room, in a ray of 
light tiiat has been refracted by a prism ; the body, of what- 
ever colour it naturally is, will appear of the colour of the ray 
in which it is placed ; for, since it receives no other coloured 
raja, it can reflect no others. 

168. Although bodies, from tlie wcTMi^ement of their par- 
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tides, liave a tendency to absorb some rays and reflect others, 
they are not so uniform in their arrangement as to reflect 
only pure rays of one colour, and perfectly absorb all others ; 
it is found, on the contrary, that a body reflects in great 
abundance the rays which determine its colour, and tlie 
others in a greater or less degree in proportion as they aie 
nearer or further from its colour, in the order of refrangibi- 
lity. Thus the green leaves of a rose will reflect a few of 
• the red rays, which will give them a brown tinge. Deepness 
of colour proceeds from a deficiency rather than an abundance 
of reflected rays. Thus, if a body reflect only a few of the 
green rays, it will appear of a dark green. The brightness 
and intensity of a colour shows that a great quantity of rays 
are reflected. That bodies sometimes change their colour, is 
owing to some chemical change which takes place in the in- 
ternal arrangement of their parts, whereby they lose their 
tendency to reflect certain colours, and acquire the power of 
reflecting others. 

169. The Rainbow is produced by the refraction 
of the sun's rays in their passage through a shower 
of rain ; each drop of which acts as a prism in sepa- 
rating the coloured rays as they pass through it. 

170. This is proved by the following considerations : — 
First, a rainbow is never seen except when rain is falling 
and the sun shining at the same time ; and that the sun 
and the bow are always in opposite purts of the heavens ; 
and, secondly, that the same appearance may be produced 
artificially, by means of v^^ater thrown into the air, when the 
spectator is placed in a proper position, with his back to 
the sun ; and, thirdly, that a similar bow is generally pro- 
duced by the spray which arises from large cataracts or 
waterfalls. The Falls of Niagara aflford a beautiful exem- 
plification of the truth of this observation. A bow is always 
seen there, when the sun is clear, and the spectator's back 
is towards the sun. 

171. As the rainbow is produced by the refraction of the 
BTin's rays, and every change of position is attended by a 
corresponding change in the rays that reach the eye, it follows 
that no two persons can see exactly the same roiwkio^ , o^-, 
rather, the same appearance from tke &aiiie\>o^. 
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172. Polarization of Light.— The Polarization of Light 
18 a change produced on light by the action of certain meiiia, 
bj which it exhibits the appearance of having polarity, or 
poles possessing different properties. This property of light 
was first discovered by Huygens in his investigations of the 
cause of double refraction, as seen in the Iceland crystal. 
The attention of the scientific world was more particularly di- 
rected to it by the discoveries of Malus, in 1810. The know- 
ledge of this singular property of light has afforded an ex- 
planation of several very intricate phenomena in Optics, and 
nas afforded corroborating evidence m favour of theundulatory 
theory ; but the limits of this volume will not allow an ex- 
tended notice of this singular property. 

173. Op the Thermal, Chemical, and other Non-op- 
tical EPFECTS of Light. — The science of Optics treats par- 
ticularly of light as the medium of vision. But there are 
other effects of this agent, which, although more immediately 
connected with the science of chemistry, deserve to be no- 
ticed in this connexion. 

174. The thermal effects of light, that is, its agency in the 
excitation of heat when it proceeds directly from the sun, are 
well known. But it is not generally known that these effects 
are extremely unequal in the differently coloured rays, as 
they are refracted oy the prism. It has already been stated 
that the red rays appear to possess the thermal properties in 
the greatest degree, and that in the other rays in the spec- 
trum there is a decrease of thermal power towards the violet, 
where it ceases altogether. But, on the contrary, that the 
chemical agency is the most powerful in the violet, from which 
it constanw decreases towards the red, where it ceases alto- 
gether. Whether these thermal and chemical powers exist 
in all light, from whatever source it is derived, remains yet 
to be ascertained. The chromatic intensity of the coloured 
spectrum is greatest in the yellow, from whence it decreases 
both ways, terminating almost abruptly in the red, and de- 
creasing by almost imperceptible shades towards the violet, 
where it becomes faint, and then wholly indistinct. Thus it 
appears that the greatest heating power resides where the 
chemical power is iteeblest, and the greatest chemical power 
where the heating power is feeblest, and that the optical power 
is the strongest between the other two. 

ITo, The chemical properties of light are shown in this, 
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that the ligfht of the sun, and in an inferior degree that of 
day, when the sun is hidden from view, is a means of acce- 
lerating chemical combinations and deconmositions. The 
following experiment exhibits the chemical effects of light : — 
Place a mixture of equal parts (bv measure) of chlorine 
and hydrogen gas in a glass vessel, and. no change will happen, 
so long as the vessel be kept in the dark and at an ordinary 
temperature ; but, on exposing it to the daylight, the elements 
will slowly combine and form hjrdrochloric acid ; if the glass - 
be set in me sun*s rays, the union will be accompanied with 
an instantaneous detonation. The report may also be pro- 
duced by transmitting ordinary daylight through violet or 
blue glass to the mixture, but by interposing a red glass 
between the vessel and the hght all combination of the ele- 
ments is prevented. 

176. The chemical effects of light have recently been 
employed to render permanent the images obtained by 
means of convex lenses. The art of thus fixing them is 
termed Photography, or Heliography. These words are 
Greek derivatives j the former meaning ** writing or draw- 
ing by means of light,* the latter, *' writing or drawing by 
the aid of the sun,** 

177. The mode in which the process is performed is essen. 
tially as follows : — The picture, formed by a camera obscura, 
is received on a plate, tne surface of which has been previ- 
ously prepared so as to make it as susceptible as possible of 
the chemical influence of li^ht. After tne lapse of a longer 
or shorter time, the light will jjave so acted on the plate that 
the various objects the images of which were projected upon 
it will appear, with all their gradations of light and shade, 
most exactly depicted in black and white, no colour being 
present. Tnis is the process commonly known by the name 
of Daguerreotype, from M. Daguerre, the author of the dis- 
covery. Since his original discovery, he has ascertained that 
by isolating and electrifying the plate it acquires such a sen- 
sibility to tne chemical influence of light, that one-tenth of a 
second is a sufficient time to obtain the requisite luminous 
impression for the formation of the picture. 

178. The chemical effects of light are seen in the varied 
colours of the veeetable world. Vegetables which grow in. 
dark places are eimer white or of a p«lla\i-^^\ioN». Tti^^viMK^ 



56 OPTICS. 

side of fruits is of a riolier tinge tlian that which p^ws in the 
shade. Persons whose daily employment keeps them much 
within doors are pale, and more or less sickly, in conse- 
quence of such connnement. 

From what has now been detailed with regard to the 
nature, the effects, and the importance of light, we may see 
with what reason the great epic poet of our language has 
apostrophized it in the words :— 

** Hail I hqlr Light! offspring of Heayen, firstborn. 
Bright emnenoe of bright essence increate V 

and why the author of the " Seasons" has in a similar 
manner addressed it in the terms — 

** Prime cheerer, Light I 
Of all material beings first and best I 
Efflux divine! Nature's resplendent robe! 
Without whose vesting beauty all were wrapt 
In unessential gloom ; and thou, O Sun ! 
Soul of surrounding worlds, in whom best seen 
Shines out thy Maker; may I sing of tbee?" 
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%* The fig^ures at the end of each question refer to the number of the 
section from which the answer ia to be derived. 



1. What is Optics ? 1. 

2. How are all substances considered in Optics ? 2. 

3. What are luminous bodies ? 3. 

4. What are transparent substances ? 4. 

5. What are translucent bodies ? 5 

6. What are reflecting substances ? 6. 

7. What are refracting substances ? 7. 

8. What is Ught } 8. 

9. What are the two theories respecting the nature of light ? 8. 

10. What is a ray of light ? 9. 

11. When are rays said to diverge ^ 10. 

12. Explain Fig. 1, 10. 

13. When are rays of light said to converge } 12. 
14: Explain Fig. 2, 12. 

15. What is a beam of Hght ? 13. 

16. Explain Fig. 3, 13. 

17. What is a pencil of rays ? 14. 

18. In what cUrection, and with what rapidity, does light move } 

15. 

19. From what part of a luminous body does light proceed ? 16. 

20. What is a shadow? 17. 

21. Why are shadows of different degrees of darkness ? 18. 

22. What produces the darkest shadow ? 19. 
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23. What is the shape of the shadow of an opaque body ? 20. 

24. Explain Fig. 4, 20. 

25. What is it the object of Fig. 6 to show ? 22. 

26. What becomes of the light which falls on an opaque object ? 

23. 

27. When is Ught said to be reflected ? 23. 

28. What is Catoptrics ? 24. 

29. What is the fundamental law of Catoptrics i 25. 

30. Explain Fig. 7, 26. 

31. How are luminous and opaque bodies respectively seen ? 27. 

32. What effect has reflection on the intensity of light ? 28. 

33. What does every portion of a reflecting surface reflect ? 29. 

34. Why do we not see many images of the same thing reflected by 

a reflecting surface ? 29. 

35. Why do objects appear fainter by moonlight ? 30. 

36. When is an object invisible ? 31. 

37. How do rays of light enter a small aperture ? 32. 

38. Explain Fig. 8, 33. 

39. What is the angle of vision ? 35. 

40. What is the object of Figures 9 and 10 ? 36. 

41. On what does the apparent size of an object depend } 38. 

42. When is an object invisible on account of its distance ? 39. 

43. When is motion imperceptible ? 40. 

44. What are mirrors, and how are they made? 43. 

45. What are the different kinds of mirrors ? 44. 

46. By what law are objects reflected from a looking-glass ? 45. 

47. How do looking-glasses make all obj ects appear } 46. 

48. What is a Kaleidoscope? 50. 

49. Explain Fig. 12, 53. 

50. What is the object of Fig. 13 ? 55. 

51. What is the true focus of a concave mirror ? 56. 

52. When will the image reflected from a concave be upright, and 

when inverted ? 57. 

53. What peculiar property have concave mirrors ? 58. 

54. When is the image from a concave mirror larger than the 

object ? 59. 

55. What 18 the design of Fig. 14 ? 60. 
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56. How are objects seen from a convex mirror ? 65. 

57. What is a Medium in Optics } 67. 

58. What is refraction r 68. 

59. What is Dioptrics ? 69. 

60. What is meant by a denser and rarer medium in Optics ? 70. 

61. What are the fundamental laws of Dioptrics ? 71. 

62. Explain Fig. 15, 72. 

63. In what proportion is refraction in all cases ? 72. 

64. When are we in danger of mistaking the depth of water, and 

why? 73. 

65. Why do we not see the sun, moon, and stars in their true 

places? 75 

66. What effect is produced when light suffers two equal refrac- 

tions ? 76. 

67. What is a Lens ? 77. 

68. Explain the different kinds of lenses, 78. 

69. What is the meaning of a Meniscus ? 82. 

70. What is the axis of a lens ? 83. 

71. What effect have IcQses ? 84. 

72. How must we estimate the effect of a lens ? 84. 

73. What effect have convex and concave lenses respectively ? 84. 

74. What is the focal distance of a lens ? 85. 

75. What rays will pass through a lens without refraction ? 86. 

76. On what principle are sun-glasses, or burning-glasses, con- 

structed ? 87. 

77. What is a Multiplying-glass ? 89. 

78. What kinds of glasses are used in spectacles, and for what 

purpose ? 93. 

79. What kinds of glasses are generally worn by old persons ? 93. 

80. What kind by young ? 93. 

81. Of what is the eye composed ? 95. 

82. What are the different parts of the eye ? 96. 

83. Explain Fig. 17, 97. 

84. Explain Fig. 18, 98. 

85. Describe the Cornea, 99. 

86. Describe the Iris, 100. 

87. What causes person's eyes to be black, bluft ot \gtcs^%L"t>. V\\* 
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88. What is the pupil ? 102. 

89. How can some animals see in the dark P 103. 

90. Describe the Aqueous Humour, 104. 

91. What is the Crystalline Lens ? 105. 

92. What is the Vitreous Humour? 106. 

93. What is the Retina ? 108. 

94. What is the Choroid } 109. 

95. Describe the Sclerotica, 110. 

96. What is the Optic Nerve ? Ill, 

97. What optical instrument does the eye resemble ? 112. 

98. Explain Fig. 20, 113. 

99. How is the convexity of the crystalline lens altered, and for 

what purpose? 114. 

100. How can you account for the apparent position of objects? 

115. 

101. Why do we not see double with two eyes ? 116. 

102. What defects of the eye are spectacles designed to remedy ? 

117. 

103. For what defects of the eye is there no remedy ? 1 18. 

104. What is a single microscope P 119, 

105. Explain Fig. 21, 121. 

106. What glasses have the greatest magnifying powers ? 122. 

107. What is a double microscope ? 123. 

108. ExpUin Fig. 22, 124. 

109. What is the solar microscope ? 125. 

110. How is the magnifying power of single and double micro- 

scopes ascertained ? 127. 

111. What is the Magic Lantern ? 127. 

112. Describe Fig. 23, 128. 

113. How are ** Dissolving Views" represented ? 129. 

114. What is a Telescope ? 130. 

115. How are telescopes constructed? 131. 

116. How many kinds of telescopes are there ? 132. 

117. How is the Refracting Telescope constructed ? 133. 

1 18. How does a Reflecting Telescope differ from a Refracting ? 

134. 
119. What is an Achromatic Telescope ? 136. 
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120. What is the simplest form of the Telescope ? 137. 

121. Which is the object-glass, and which the eye-glass of a 

telescope ? 138. 

122. How are objects seen through telescopes of the simplest con- 

struction ? 139. 

123. What is the difference between a day and a night telescope } 

140. 

124. Explain Fig. 24, 141. 

125. Explain Fig. 25, 142. 

126. What are Opera Glasses ? 142. 

127. Of what does the Reflecting Telescope consist ? 143. 

128. Explain Fig. 26, 144. 

129. What advantage attends the reflecting telescope } 144. 

130. How does th^ Cassegrainian telescope differ from the Grego- 

rian ? 145. 

131. What peculiarities are there in the telescopes of Herschel and 

the Earl of Rosse } 146. 

132. What is Chromatics ? 148. 

133. Of what is light composed? 149. 

134. Of what colour are bodies composed ? 150. 

135. What are white and black ? 151. 

136. What are the accidental colours of the seven prismatic 

colours } 153, Note. 

137. What are the colours of light ? 154. 

138. What is a Prism ? 156. 

139. What effect has a prism on the light that passes through it ? 

157. 

140. Explain Fig. 27, 158. 

141. What rays are refracted the least? 159. 

142. What rays are refracted the most ? 159. 

143. How is the blue appearance of the sky accounted for ? 159. 

144. How can the rays refracted by a prism be reunited? 160. 

145. By what means can a white be obtained ? 161, 

146. What are the colours of all bodies? 162. 

147. What are the three simple colours? 163. 

148. What does Ught possess ? 164. 
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149. How can the remarks on the colours of bodies he 

true? 167. 

150. How is a rainbow produced ? 169. 

151. What is Polarization of light? 172. 

152. What are the Thermal effects of light } 174. 

153. How are the chemical properties of light shown ? 175. 

154. What a meant by Photography, or lleliography ? 176. 

155. Who is the author of Photography ? 177- 

15G. In what are the chemical effects of light seen } 178. 
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ELECTEICITY. 



1. Electricity. — Electricity is the name given 
to an imponderable agent which pervades the ma- 
terial world, and which is visible only in its effects. 

2. It is exceedingly elastic^ susceptible of high 
degrees of intensity, with a tendency to equilibrium 
unlike that of any other known agent. Its simplest 
exhibition is seen in the form of attraction and re- 
pulsion. 

3. If a piece of amber, sealing-wax, or smooth glass, per- 
fectly clean and dry, be briskly rubbed with a dry woollen 
cloth, and immediately afterwards held over small and light 
bodies, such as pieces of paper, thread, cork, straw, feathers* 
or fragments of gold-leaf, strewed upon a table, these bodies 
will be attracted, and fly towards the surface that has been 
rabbed, and adhere to it for a certain time. 

4. The surfaces that have acquired this power of attrac- 
tion are said to be excited; and the substances thus suscep- 
tible of being excited are called electrics, while those which 
cannot be excited in a similar manner are called non-electrics, 

6. The science of Electricity, therefore, divides all 

substances into two kinds, namely, electrics, or those 

substances which can be excited, and non-electrics, 

or those substances which cannot be excited. 

6. The word Electricity is derived from a Greek word, 
which signifies amber, because this substance was supposed 
to possess, in a remarkable decree, the property of j)roducing 
the fluid, when excited or rubbed. Toe property itself was 
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first discovered by Thales, of Miletns, one of the seven wise 
men of Greece. The word is now used to express both the 
fluid itself and the science which treats of it. 

7. The nature of electricity is entirely unknown. Some 
philosophers consider it a fluid ; others consider it as two 
fluids of opposite qualities ; and others again deny its ma- 
teriality, and deem it, like attraction, a mere property of 
matter. The theory of Dr. Franklin was, that it is a single 
fluid, disposed to diflfuse itself equally among all substances, 
and exhibiting its peculiar efi*ects only when a body by any 
means becomes possessed of more or less than its proper 
share. That when any substance has more than its natural 
share it i& positively electrified, and that when it has less than 
its natural share it is negatively electrified ; that positive 
electricity implies a redundancy, and negative electricity a 
deficiency, of the fluid. The prevalent theory at the present 
day is that it consists of two fluids, bearing the names of 
positive and negative. 

8. Professor Faraday has proposed a nomenclature of elec- 
tricity, which has been adopted jn some scientific treatises. 
From the Greek words ^X«rrpoi/, (electricity, or ambers from 
which it was first produced), and lobs (a way or path), he 
formed the word electrodes, that is, ways or paths of elec- 
tricity. The course of positive electricity he called the anode 
(from the Greek dvodog an ascending or entering way), and 
the course of the negative electricity the cathode (from the 
Greek KaOoSog^ a descending way, or path of exit). The 
terms positive and negative are, however, more frequently 
employed to designate the extremities of the channels tlirougli 
which electricity passes. Positive electricity is sometimes 
expressed by the term plus, or its character + ; and negative 
electricity by the term minus, or its character — . 

9. Electricity may be excited by several modes — 
as, 1st, by friction, whence it is called Frictional 
Electricity ; 2ndly, by chemical action, called, from 
its discoverers. Galvanic y or Voltaic Electricity; 3rdly, 
by the action of heat, whence it is called Thermo- 
Electricity; 4thly, by magnetism, Frictional Elec- 
tricity forms the subject of that branch of Electricity 
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usually treated under the head of Natural Philosophy ; 
Electricity excited by chemical action forms the sub- 
ject of Galvanism ; and Electricity produced by the 
agency of heat, or by Magnetism, is usually considered 
in connection with the subject of Electro-Magnetism. 
The intimate connection between tliese several subjects 
shows how close are the links of tlie chain by which 
all the departments of physical science are united. 

10. The electric fluid is readily communicated from 
one substance to another. Some substances, how- 
ever, will not allow it to pass throujjh or over them, 
Tvhile others give it a free passage. Those substances 
through which it passes without obstruction are 
called Conductors,vih\\e those through which it cannot 
readily pass are called Non conductors ; and it is 
found, by experiment, that all electrics are non-con- 
dMctorSj and all non-electrics are good conductors of 
electricity. 

1 1 . The following substances are electrics, or non-con- 
ductors of electricity ; namely, 

Atmospheric air (when dry). Feathers, 

Glass, Amber, 

Diamond, Sulphur, 

All precious stones, Silk, 

All gams and resins, Wool, 

The oxides of all metals. Hair, 

Beeswax, Paper, 

Sealing-wax, Cotton. 
All these substances must be dry, or they will become 
more or less conductors. 

12. The following substances are non-electrics, or con- 
ductors of electricity ; namely, 

All metals. Living animals, 

Charcoal, Vapour, or steam. 

13. The following are imperfect conductors (that is, they 
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conduct the electric fluid, but not so readily as the sub- 
stances above-mentioned) ; namely, 

Water, Common wood. 

Green vegetables. Dead animals. 

Damp air. Bone, 

Wet wood, Horn, &c. ^ 
All substances containing moisture. 

14. When a conductor is surrounded on all sides 
by non-conducting substances, it is said to be tit- 
sulated. 

15. A.S glass is a non-conducting substance, any con- 
ducting substance surrounded with glass, or standing on a 
table or stool with glass legs, will be insulated. 

16. As the air is a non-conductor when dry, a substance 
which rests on any non-conducting substance will be in- 
sulated, unless it communicate with the ground, the floor, a 
table, &c. 

17. When a communication is made between a 
conductor and an excited surface, the electricity from 
the excited surface is immediately conveyed by the 
conductor to the ground ; but, if the conductor be 
insulated^ its whole surface will become electrified, 
and it is said to be charged. 

1 8. The earth may be considered as the principal reser- 
voir of electricity ; and when a communication exists, by 
means of any conducting substance, between a body con- 
taining more than its natural share of the fluid and the earth, 
the body will immediately lose its redundant quantity, and 
the fluid will escape to the earth. Thus, when a person ' 
holds a metallic tube to an excited surface, the electricity 
escapes from the surface to the tube, and passes from the 
tube through the person to the floor ; and the floor being 
connected with the earth by conducting substances, such as \ 
the timbers, &c., which support the building, the electricity 
will Anally pass off, by a regular succession of conducting 
substances, from the excited surface to the earth. But, if 
the chain of conducting substalices be interrupted^ — that is. 
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if any non-condacting substance occur between the excited 
surface and the coarse which the fluid takes in its progress 
to the earth, — ^the conducting substances will be insulated, 
and become charged with electricity. Thus, if an excited 
surface be connected by a long chain to a metallic tube, and 

^ the metallic tube be held by a person who is standing on a 
stool with glass legs, or on a cake of seaUng-wax, resin, or 

.^y other non-conducting substance, the electricity cannot 
pass to the ground, and the person, the chain, and the tube, 
will all become electrified. 

. 19. The simplest mode of exciting electricity is by 
friction. 

Thus, if a thick cylinder of sealing-wax, or sulphur, or a 
glass tube, be rubbed with a silk handkerchief, a piece of 
clean flannel, or the fur of a quadruped, the electric fluid 
will be excited, and may be communicated to other sub- 
stances from the electric thus excited. 

Whatever substance is used, it must be perfectly dry. If, 
therefore, a glass tube be used, it should previously be held 
to the fire, and gently warmed, in order to remove all mois- 
ture from its surface. 

20. The electricity excited in glass is called the 
Vitreous or positive electricity ; and that obtained 
from sealing-waxy or other resinous substances^ is 
called jResinous, or negative electricity. 

21. The vitreous and resinous, or, in other words, 
the positive and negative electricities, always accom- 
pany each otbfer ; for, if any surface become positive, 
the surface with which it is rubbed will become 
negative, and if any surface be made positive, the 
nearest conducting surface will become negative; and, 
if positive electricity be communicated to one side of 
an electric^ (as a pane of glass, or a glass vial), the 
opposite side will become negatively electrified, and 
the plate or the glass is then said to be charged. 

22. When one side of a metallic, or otket ^oiii^^Vst^ 
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receives the electric fluid, itt whole surface is instantlj per- 
vaded ; but when an electric is presented to an electrified 
bodjr, it become* electrified \a & email spot only. 

23. When two surfaces opposiiely electriiied are united, 
their powers are destroyed ; and, if their uDion be made 
through the human body, it produces kq affectioa of the 
nerves, called an electric shock. 

24. Similar states of electricity repel each other ; 
and diGsiniilar states attract each other. 

Thus, if two pith-balla, suspended by a silk thread, are 
both positively or both negatively electrifled, they will repel 
each other ; but if one he positively and the other nega- 
tively electrified, they will attract each other, 

25. The Leyden jar is aglass vessel used for the 
purpose of accumulating the electric fluid, procured 
from excited surfaces. 

iK_ , 26. Fig. 1 represents a Leydeu jar. It is a 

glass jar, coated both on the inside and the out- 
side with tin-foil, with a cork, or wooden stopper, 
through which a metallic rod passes, terminating 
upwards in a brass knob, and connected by means 
of a wire, at the other end, with the inside coat- 
ing of the jar. The coating extends both on the 
inside and outside only to within two or three 
inches of the top of the jar. Thus prepared, when 
an excited surface is applied to the brass knob, 
r connected with it by any conducting surface, 
I it parts with its electricity, the fluid enters the 
r, and the jar is said to be charged. 
27. When the Leyden jar is charged, the fluid is con- 
tained on the surface of the glass. The coating serves only 
as a conductor to the fluid ; and, as this conductor within 
the glass is insulated, the fluid will remain in the jar until 
a communication be made, by means of soine conducting 
substance, between the inside and the outside coating of the 
jar. If then a person apply one hand or finger to the brass 
Jtaob, and tlte other to the outcide coating of the jar, a 
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eomiiranication will be formed by means of tbe brass knob 
with the inside and outside of the jar, and the jar will be 
discharged. A vial or jar that is instdated cannot be charged. 

28. An electrical battery is composed of a number 
of Leyden jars connected together. 

The inner coatings of the jars are connected together by 
chains or metallic bars attached to the brass knobs of each 
jar ; and the outer coatings have a similar connection estab- 
lished by placing the vials on a sheet of tin foil. The whole 
battery may then be charged like a single jar. For the 
sake of convenience in discharging the battery, a knob con- 
nected with the tin-foil on which the jars stand projects from 
the bottom of the box which contains the jars. 

29. The jointed discharger is an instrument used 
to discharge ajar or battery. 

Fig. 2 represents the jointed discharger. It consists of 
two rods, generally of brass, terminating at one end in brass 
balls, and connected together at the fi^. s. 

other end by a joint, like that of a 
pair of tongs, allowing them to be 
opened or closed. It is furnished 
with a glass handle, to secure the 
person who holds it from the effects 
of a shock. When opened, one of 
the balls is made to touch the outside 
coating of the jar, or the knob connected with the bottom 
of the battery, and the other is applied to the knob of the 
jar or jars. A communication being thus formed between 
the inside and the outside of the jar, a discharge of the fluid 
will be produced. 

30. When a charge of electricity is to be sent 
through any particular substance^ the substance must 
form a part of the circuit of electricity ; that is, it 
must be placed in such a manner that the fluid cannot 
pass from the inside to the outside surface of the jar, 
or battery, without passing through the substance in 
ita passage. 
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31 . Metallic rods^ with sharp points, silently attract' 
the electric fluid. 

If the balls be removed from the jointed discharger, and 
the two rods terminate in sharp points, the electricity will 
pass off silently, and produce but little effect. 

32. A Ley den jar, or a battery, may be silently discharged 
by presenting a metallic point, even that of the finest needle, 
to the knob ; but the point must be brought slowly tomardM 
the Jar, 

33. It is on this principle that lightning-rods are con- 
structed. The electric fluid is silently drawn from the cloud 
by the sharp points on the rods, and is thus prevented from 
suddenly exploding on high buildings. 

34. Electricity of one kind or the other is generally tn- 
duced in surrounding bodies by the vicinity of a highly- 
excited electric. This mode of communicating electricity 
by approach is styled induction. 

35. A body, on approaching another body powerfully 
electrified, will be thrown into a contrary state of electricity. 
Thus, a feather, brought near to a glass tube excited by 
friction, will be attracted to it ; and, therefore, previously to 
its touching the tube, negative electricity must have been 
induced in it. On the contrary, if a feather be brought 
near to excited sealing-wax, it will be attracted, and, conse- 
quently, positive electricity must have been induced in it 
before contact. 

36. When electricity is communicated from one 
body to another in contact with it^ it is called elec- 
tricity by transfer, 

37. The electrical machine is a machine con- 
structed for the purpose of accumulating or collecting 
electricity, and transferring it to other substances. 

38. Electrical Machines are made in various forms, but 
all on the same principle, namely, the attraction of metallic 
points. The electricity is excited by the friction of silk on 
a glass surface, assisted by a mixture or preparation called 
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m amalgam, composed of mercmy, tin, and zinc. That 
recommended by Singer is made by melting together one 
sonce of tin and two oupces of zinc, which are to be mixed, 
irhile fluid, with six ounces of mercury, and agitated in an 
ron or thick wooden box, until cold. It is then to be re- 
iuced to a very fine powder in a mortar, and mixed with a 
tuflicient quantity of lard to form it into a paste. 

The glass surface is made either in the form of a cylinder 
vr a circular plate, and the machine is called a cylinder or a 
>late machine^ according as it is made with a cylinder or 
dth a plate. 

39. Fig. 3 represents a plate electrical machine. A D is 
he stand of the machine, L L L L are the four glass legs, 
ir posts, which support and insulate the parts of the ma- 
chine. P is the glass plate (which in some machines is a 
loDow cylinder) from which the electricity is excited, and 
1 is the handle by which the plate (or cylinder) is turned, 
i is a leather cushion, or rubber, held closely to both sides 
^ the glass plate by a brass clasp, supported by the post 
J L, which is called the rubber-post. S is a silk bag, em- 
Fig. 8. 
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»raced by the same clasp that holds the leather cushion or 
libber ; and it is connected by strings S S S attached to its 
liree other comers, and to the legs L L and the fork F of 
he prime conductor. C is the prime conductor, terminating 
it one end with a movable brass ball, T^. ^xidi ^V ^^ Vk>^vx 



18 ELECTKIQJTY. 

by the fork F, which has one prong on each side of the glaas 
plate. On each prong of the fork there are several sharp 
points projecting towards the plate, to collect the electricity 
as it is generated by the friction of the plate against the 
rubber. V is a chain or wire, attached to the brass ball on 
the rubber-post, and resting on the table or the floor, de* 
signed to convey the fluid from the ground to the plate. 
When negative electricity is to be obtained, this chain is 
removed from the rubl)er-post and attached to the prime 
conductor, and the electricity is to be gathered from the 
ball on the rubber- post. 

40, Operation of thb Machine. — By turning the 
handle H, the glass plate is pressed by the rubber. The 
friction of the rubber against the glass plate (or cylinder) 
produces a transfer of the electric fluid from the rubber to 
the plate ; that is, the cushion becomes negatively and the 
glass positively electrified. The fluid which thus adheres to 
the glass, is carried round by the revolution of the cylinder; 
and, its escape being prevented by the silk bag, or flap, 
which covers the plate (or cylinder) until it comes to the 
immediate vicinity of the metallic points on the fork F, it is 
attracted by the points, and carried by them to the prime 
conductor. Positive electricity is thus accumulated on the 
prime conductor, while the conductor on the rubber-post, 
being deprived of this electricity, is negatively electrified. 
The fluid may then be collected by a Leyden jar from the 
prime conductor, or conveyed, by means of a chain attached 
to the prime conductor, to any substance which is to be elec- 
trified. If both of the conductors be insulated, but a small 
portion of the electric fluid can be excited ; for this reason, 
the chain must in all cases be attached to the rubber-post, when 
positive electricity is required, and to the prime conductor when 
negative electricity is wanted. 

41. On the prime conductor is placed an Electro- 
meter, or measurer of electricity. It is made in 
various forms, but always on the principle that similar 
states of electricity repel each otlier. 

It sometimes consists of a single pith-baU, attached to a 
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light rod in the manner of a pendulum, and hehind is a 
graduated arc, or circle, to measure the repulsive force by 
degrees. Sometimes it is more simply made (as in the 
figure), consisting of a wooden bail mounted on a metallic 
stick, or wire, having two pith-balls, suspended by silk, 
hair, or linen threads. When the machine is worked, the 
pitb-balls, being both similarly electrified, repel each other ; 
and this causes them to fly apart, as is represented in the 
figure ; and they will continue elevated until the electricity 
is drawn off. But, if an uninsulated conducting substance 
touch the prime conductor, the pith- balls will fall. The 
height to which the balls rise, and the quickness with which 
they are elevated, afford some test of the power of the ma- 
chine. This simple apparatus may be attached to any body 
the electricity of which we wish to measure. 

The balls of the electrometer, when elevated, are attracted 
by any resinous substance, and repelled by any vitreous sub- 
stance that has been previously excited by friction. 

42. If an electric, or a non-conductor, be presented to 
the prime conductor, when charged, it will produce no effect 
on the balls $ but if a non- electric, or any conducting sub- 
stance, be presented to the conductor, the balls of the elec- 
trometer will fall. This shows that the conductor has 
parted with its electricity, and that the fluid has passed off 
to the earth through the substance, and the hand of the 
person presenting it. 

43. An Electroscope is an instrument, of more delicate 
construction, to detect the presence of electricity. The 
most sensitive of this kind of apparatus is that called Ben- 
nett's Gold-leaf Electroscope, improved by Singer. It con-r 
sists of two strips of gold-leaf suspended under a glass 
covering, which completely insulates them. Strips of tin- 
foil are attached to the sides of the glass, opposite the gold- 
leaf, and when the strips of gold-leaf diverge, they will 
touch the tin-foil, and be discharged. A pointed wire sur- 
mounts the instrument, by which the electricity of the at- 
mosphere may be observed. 

44. An Electrophorus is a simple apparatus, by which small 
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portions of electricity may be generated by indnctioQ. It 
consists of a disc, or circular cake of resinous substance,* on 
which is laid a smaller circular disc of metal, with a glass 
handle. Rub the resinous disc with hair or the fur of some 
animal, and the metallic disc, being pressed down on the 
resin by the finger, may then be raised by the glass handk. 
It will contain a small portion of electricity, which may be 
communicated to the Leyden jar, and thus the jar may 
slowly be charged. 

45. EXPEEIMENTS WITH THE ElEOTEIOAL MaCHHTB.— 

In performing experiments with the Electrical Machine, 
great care must be taken that all its parts be perfectly dry 
and clean. Moisture and dust, by carrying off the elec- 
tricity as fast as it is generated, prevent successful acti(». 
Clear and cold weather should be chosen, if possible, as the 
machine will always perform its work better then. 

46. When the machine is turned, if a person touch the 
prime conductor, the fluid passes off through the person to 
the floor without his feeling it. But if he present his finger, 
his knuckle, or any part of the body, near to the conductor, 
without touching it, a spark will pass from the conductor to 
the knuckle, which will produce a sensation similar to the 
pricking of a pin or needle. 

47. If a person stand on a stool with glass legs, or any 
other non-conductor, he will be insulated. If in this situation 
he touch the prime conductor, or a chain connected with it, 
when the machine is worked, sparks may be drawn from 
any part of the body in the same manner as from the prime 
conductor. While the person remains insulated, he ex- 
periences no sensation from being filled with electricity ; 
or, if a metallic point be presented to any part of his body, 
the fluid may be drawn off silently, without being perceived. 
But if he touch a blunt piece of metal, or any other con- 
ducting substance, or if he step from the stool to the floor, 
he will feel the electric shock ; and the shock will vary in 
force according to the quantity of fluid with which he i> 
charged. 

* A mixture of shelMac, reiio, and Yenica-turpentine, CHt in m tin mould. 
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48. Thb TiiSDB Figure. — Fig. 4 »*■ *■ 
1* a fignre with a dreu of fancy pnper 
cnt into narroiv strips. When placed ■ 
on the prime conductor, or, being in- _. 
nlated, connected with it, the atripa, 
being all electrified, will recede sod 
form a iphere around the head. On 
presenting a metallic point to the elec- 
trified strips, very singular corobina- 
tiona will take place. If the electro- 
meter be removed from the prime 
eonductor, and a tuft of feathers, or hair, fastened to a iticlc 
or wire, be put in its place, on taming the machine the 
feathers or hair will become electrified, and the separate 
hairs will rise and repel each other. A toy is in this way 
eonttmcted, representing a person under excessive (right. 
On touching the head with the hand, or any oouductiug 
mbstance not insulated, the hair will fall. 

49. The Leyden jar may he charged by presenting it to 
the prime conductor when the machine is worked. If the 
ball of the jar touch the prime conductor it will receive the 
flmd rilently ; but, if the ball of the jar be held at a small 
dtstance from the prime conductor, the sparks will be seen 
darting from the prime conductor to the jar with consider- 
«ble niHse. 

50. The jar may in like manner be filled with negative 
electricity by applying it to the ball on the rubber-post, and 
connecting the chain with the prime conductor. 

51. If the Leyden jar be charged from the prime con- 
4actor (that is, with positive electricity), and presented to 
Qie pith-balls of the electrometer, they will be repelled ; but 
if the jar be charged from the brass ball of the rubber-post 
(that is, with negative electricity), they wilt be attracted, 

52. If the ball of the prime conductor be removed, and a 
pmnted wire be put in its place, the current of electricity 
flowing from the point when the machine is turned may be 
perceived by placing a lighted lamp before it; the flame wiU 
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be blown /rom the point; and this will be the case in what 
part soever of the machine the point is placed, whether on 
the prime conductor or the rubber ; or if the point be held 
in the hand, and the iiame placed between it and the ma- 
chine, thus showing that in all cases the fluid is blown yrom 
the point. Delicate apparatus may be put in motion by the 
electric fluid when issuing from a point. In this way eleo* 
trical orreries, mills, &c., are constructed. 

53. If the electrometer be removed from the prime con- 
ductor, and a pointed wire be substituted for it, a wire with 
sharp points bent in the form of an S, balanced on it, will 
be made to revolve rapidly. In a similar manner the motion 
of the sun and the earth around their common centre of 
gravity, together with the motion of the earth and the moon, 
may be represented. This apparatus is sometimes called 
an Electrical Tellurium. It may rest on the prime con- 
ductor or upon an insulated stand. 

Fig. 5. 

54. A chime of small bells on a stand. 
Fig. 5, may also be rung by means of brass 
balls suspended from the revolving wires, llie 
principle of this revolution is similar to that 
mentioned in connection with the revolving 
jet,* which is founded on the law that action 
and reaction are equal and in opposite di- 
rections. 

55. If powdered resin be scattered over 
dry cotton -wool, loosely wrapped on one end 

of the jointed discharger, it may be inflamed by the dis- 
charge of the battery or a I^eyden jar. Gunpowder may 
be substituted for the resin. 

56. The universal discharger is an instrument for 
directing a charge of electricity through any substance 
with certainty and precision. 

57, It consists of two sliding rods, A B and C D, 
terminating at the extremities, A and B, with brass balls, 

* See Second Treatise, *' Hydrostatics," &c. p. 60. 
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and at the other ends, which Fig. & 

rest upon the ivory table or 
stand £, having a fork, to which 
any small substance may be at- 
tached. The whole is insulated 
by glass legs, or pillars. The 
rods slide through collars, by 
which means their distance from ^ 
one another may be adjusted. 

68. In using the universal discharger one of the rods or 
slides must be connected by a chain, or otherwise, with the 
oatside, and the other with the inside coating of the jar or 
battery. By this means the substance through which the 
charge is to be sent is placed within the electric circuit. 

59. By means of the universal discharger, any small me- 
tallic substance may be burnt. The substance must be 
placed in the forks of the slides, and the slides placed within 
the electric circuit, in the manner described in the last pa- 
ragraph. In the same manner, by bringing the forks on 
the slides into contact w\th a substance placed upon the 
ivory stand of the discharger, such as an egg, a piece of a 
potato, water, &c. it may be illuminated. 

60. Ether or alcohol may be inilamed by a spark com^ 
manicated from a person, in the following manner : — The 
person standing on the insulating stool receives the electric 
fluid from the prime conductor by touching the conductor 
or any conducting substance in contact with it ; he then 
inserts the knuckles of his hand in a small quantity of sul- 
phuric ether, or alcohol, held in a shallow metallic cup, by 
another person, who is not insulated, and the ether or 
alcohol immediately inflames. In this case the fluid passes 
from the conductor to the person who is insulated, and he 
becomes charged with electricity. As soon as he touches 
the liquid in the cup, the electric fluid, passing from him to 
the spirit, sets it on Are. 

61. The electrical bells are designed to show the 
effects of electrical attraction and repulsion. 
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62. In some sets of instraments, the bells are insulated on 
a separate stand; but the mode here described isaoonre* 
nient mode of connecting them with the prime conductor. 

Fi8r*7. 63. They are thus to be 

applied :— The ball B of the 
prime conductor, with its rod* 
is to be unscrewed, and the 
rod on which the bells are sus- 
pended is to be screwed in its 
place. The middle bell is to 
be connected by a chain with 
the table or the floor. When 
the machine is turned, the balls 
suspended between the bells will be alternately attracted 
and repelled by the bells, and cause a constant ringing. 
If the battery be charged, and connected with the prime 
conductor, the bells will continue to ring until aU the fluid 
from the battery has escaped. 

It may be observed, that the fluid from the prime con- 
ductor passes readily from the two outer bells, which are 
suspended by chains ; they, therefore, attract the two balls 
towards them. The balls, becoming electrified by contact 
with the outer bells, are repelled by them, and driven to the 
middle bell, to which they communicate their electricitj ; 
having parted with their electricity, they are repelled by the 
middle bell, and again attracted by the outer ones, and thus 
a constant ringing is maintained. The fluid which is com- 
municated to the middle bell^ is conducted to the earth by 
the chain attached to it. 

64. Spiral Tube. — ^The passage of the electric fldid 
from one conducting substance to another, is beautifully ex- 
hibited by means of a glass tube, having a brass bail at eadi 

Fig. a 
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end, and coated in the inside with small pieces of tin foil, 
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placed nt small distancea from each other in a spiral direc- 
tion, as represented in Fig. 8. 

65. In the same manner TarioiiB fibres, letters, and words, 
tafty be represented, hj arraQging similar pieces of tin-foil 
between two pieces of uat f;lass. These experimeats appear 
taoee brilliant in a darkened room. 

66. Thb HTDBoasN Pihtol. — The hydrogen pistol is 
nude in a variety of forms, sometimes in the exact form of 
ii jnstol, and sometimes in the form of n. a 
a piece of ordnance. The form in Fig. 9 
i> a simple and cheap contrivance, and is 
inffident to explain the manner in which 
the instmment is to be aied in any of its 
forms. It is to be filled with hydrogen 
ma. and a cork inserted, fitting tightly. 
When thus prepared, if the insulated knob 
K be presented to the prime conductor, it 
will immediately explode. 

67. A very convenient and economical way of procuring 
t^drogen gas for this and other experimenta, ishymeana of 
tie hydrogen gas generator, as represented in Fig. 10. It 
connsts of a glass vessel, with a brass cover, in the centre 
(tfwhichisa stop-cock; from the inside of the Fig. 10. 
cover another glass vessel is suspended, with its 
i^ien end downwards. Within this a piece of 
sine is suspended by a wire. The outer v 
contains a mixture of sulphuric acid and w 
about nine parts of water to one of acid. When 
the cover, to which the inner glass is firmly fixed, 
is placed upon the vessel, the acid, acting npan 
the zinc, causes the metal to absorb the oxygen 
of the water, and the hydrogen, the other con- 
stitnent part of the water, being thus disengaged, 
rises in the inner glass, from which it expels the 
water ; and when the stop-cock is turned, the hydrogen gas 
maybe collected in the hydrogen pistol, or any other vessel. 
In the u^e of hydrogen gas for explosion, it will be necessary 
to dilute the gas with an equal portion of atma&^Vi«ni^ «a. 
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68. Elbctrical SpoRTSiiAN.-^Fig. 11 represents the 
Electrical Sportsman. From the larger ball of a Leyden 
jar two birds, made of pith (a substance procured in large 
quantities from the corn-stalk, the whole of which, except 
the outside, is composed of pUh), are suspended by a linen 
thread, silk, or hair. When the jar is charged, the birds 

Fig. 11. will rise, as represented 

in the figure, on ac- 
count of the repulsion 
of the fluid in the jar. 

69. If the jar be 
then placed on the tin. 
foil of the stand, and 
the smaller ball placed 
within a half inch of the 
end of the gun, a dis- 
charge will be produced, 
and the birds will fall. 

70. If images, made of pith, or small pieces of paper, 
are placed under the insulated stool, and a connection be 
made between the prime conductor, and the top of the 
stool, the images will be alternately attracted and repelled; 
or, in other words, they will first rise to the electrified top 
of the stool, and thus becoming themselves electrified, will 
¥ig. 12. be repelled, and fall to the ground, the 
floor, or the table ; where, parting with 
their electricity, they will again be at- 
tracted by the stool, thus rising and falling 
^ith considerable rapidity. In order to 
conduct this experiment successfully, the 
images, &c., must be placed within a short 
distance of the bottom of the stool. 









71. On the same principle light figures 
may be made to dance when placed be- 
tween two discs, the lower one being 
placed upon a sliding stand with a screw 
to adjust the distance, and the upper one 
beiag suspended from the prime conductor, as in Fig. 12. 
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72. A hole may be perforated through a qn're of paper, 
by charging the battery, resting the paper upon the brass 
ball of the battery, and making a communication, by means 
of the jointed discharger, between the baU of one of the 
jars, and the brass ball of the box. The paper, in this case, 
will be between the baU of the battery and the end of the 
discharger. 

73. Gold.leaf may be forced into the pores of glass by 
placing it between two slips of window-glass, pressing the 
slips of glass firmly together, and sending a shock from a 
battery through them. 

If gold-leaf be placed between two cards, and a strong 
charge be passed through them, it will be completely fused. 

74. When electricity enters at a point, it appears 
in the form of a star ; but when it goes out from a 
point, it puts on the appearance of a brush, 

75. The Thunder-House, Fig. 13, is designed to shew the 
security afforded by lightning-rods when lightning strikes a 
building. This is done by placing a highly- combustible 
material in the inside of the house. Fig. is. 

and passing a charge of electricity 

through it. On the floor of the 

house is a surface of tin- foil. The 

hydrogen pistol, being filled with 

hydrogen gas from the gasometer, 

mast be placed on the floor of the 

thunder-house, and connected with 

the wire on the opposite side. The 

house being then put together, a chain must be connected 

with the wire on Uie side opposite to the lightning-rod, and 

the other end placed in contact either with a single Leyden 

jar or with the battery. When the jar, thus situated, is 

charged, if a connection be formed between the jar and the 

points of the lightning-rod, the fluid will pass off silently, 

and produce no effect. But, if a small' brass ball be placed 

on the points of the rod, and a charge of electricity be sent 

to it from the jar or the battery, the gas in the pistol will 
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explode, and throw the parts of the house asunder with a 
loud noise. 

76. The success of this experiment depends upon the proper 
connection of the jar with the lightning-rod and the electrical 
pistol. On the side of the house opposite to the lightning- 
rod there is a wire, passing through the side, and terminating 
on the outside in a hook. When the house is put together, 
this wire, in the inside, must touch the tin-foil on the noor of 
the house. The hydrogen pistol must stand on the tin-foil, 
and its insulated knob, or wire, projecting from its side, must 
be connected with the lower end of the lightning-rod, ex- 
tending into the inside of the house. A communication must 
then be made between the hook on the outside of the house 
and the outside of the jar, or battery. This is conveniently 
done by attaching one end of a chain to the hook, and holding 
the other end in the hand against the side of a charged jar. 
By presenting the knob of the jar to the points of the light- 
ning-rod no effect is produced ; but if a brass ball be placed 
on 9ie points at P, and the knob of the jar be presented to 
the ball, the explosion will take place. If the charged jar be 
very suddenly presented to the points, the explosion may take 
place ; and the jar may be silently discharged if it be brought 
very slowly to the ball. The thunder-house is sometimes put 
together with magnets. 

77. The phenomena of lightning are caused by the 
rapid motion of vast quantities of electric matter. 
Thunder is the noise which accompanies the passage 
of electricity through the air. 

78. The Aurora Borealis (or northern lights) is supposed 
to be caused by the electric fluid passing through highly- 
rarefled air ; and most of the great convulsions of nature, 
such as earthquakes, whirlwinds^ hurricanes, water-spouts. 
&c., are generally accompanied by electricity, and often 
depend upon it. 

79. The electricity which a body manifests by being 
brought near to an excited body, without receiving a spark 
from it, is said to be acquired by induction. When an in- 
sulated but unelectrified conductor is brought near an 
i/2^ulated charged conductor, the §nd near to the excited 
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conductor assumes & state of opposite electricity, while the 
farther end assumes the same kind of electricity^ — that is, 
if the conductor he electrified positively, the unelectrified 
conductor will he negative at the nearer end, and positive 
at the further end, while the middle point evinces neither 
)>08itive nor negative electricity. {^See No, 44.] 

80. The experiments which have now heen descrihed ex- 
emplify all the elementary principles of the science of elec- 
tricity. These experiments may he varied, multiplied, and 
extended in innumerahle forms, hy an ingenious practical 
electrician. Among other things with which the suhiect may 
be made interesting, may he me;itioned the following facts, &c. 

81. A number of feathers, suspended by strings from an 
insulated conducting substance, will rise and present the ap- 
pearance of a flight of birds. As soon as tne substance is 
discharged, the- feathers will fall. The experiment may be 
varied by placing the sportsman on the prime conductor, 
without the use of the Leyden jar, to which the birds are 
attached. 

82. Instead of the Leyden jar, a plate of common glass (a 
pane of window-glass, for instance) may be coated on both 
sides with tin-foil, leaving the edges bare. A bent wire ba- 
lanced on the edge of the ^lass, to the ends of which balls 
may be attached, with an image at each end, may be made to 
represent two persons tilting, on the same principle by which 
the electrical bells are made to ring. 

83. Miniature machinery has been constructed, in which 
the power was a wheel, with balls at the ends of the spokes, 
situated within the attractive influence of two larger balls, 
differently electrified. As the balls on the spokes were at- 
tracted by one of the larger balls, they changed their elec- 
trical state, and were attracted by the other, which, in its 
return, repelled them, and thus the motion being given to the 
wheel, was communicated by cranks at the end of the axle to 
the saws above. 

84. When the hand is presented to the prime conductor, a 
spark is communicated, attended with a slightly painful sen- 
sation. But, if a pin or a needle be held in the hand with the 
point towards the conductor, neither spark nor pain will be 
perceived, owing to the attracting (or, perhaps, more properly 
speaking, the receiving^ power oithe point. 
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85. That square rods are better than round ones to con- 
duct electricity silently to the ground, and thus to protect 
buildings, may be proved by causing each kind of rod to 
approach the prime conductor when charged. It will thus 
be perceived that, while little effect is produced on the pith- 
balls of the electrometer by the near approach of the round 
rod, on the approach of the square one the balls will imme- 
diately fall. The round rod, also, will produce an explosion 
and a spark from the ball of the prime conductor, while the 
square one will draw off the fluid silently. 

86. The effects of pointed conductors upon clouds 
charged with electricity may be familiarly exemplifled by 
suspending a small fleece of cotton- wool from the prime 
conductor, and other smaller fleeces from the upper one, by 
small filaments. On presenting a point to them they will 
be repelled, and all drawn together ; but, if a blunt con- 
ductor approach them, they will be attracted. 

87. From a great variety of facts, it has been ascertained, 
that lightning-rods afford but little security to any part of a 
building beyond twenty feet from them ; and that when a 
rod is painted it loses its conducting power. 

88. The lightning-rods of the most approved construc- 
tion, and in strictest accordance with philosophical prin- 
ciples, are composed of small square rods, similar to nail- 
rods. They run over the building, and down each of the 
comers, presenting many elevated points in their course. 
At each of the corners, and on the chimneys, the rods 
should be elevated several feet above the building. If the rods 
are twisted, it will be an improvement, as thereby the sharp 
surfaces presented to collect the fluid will point in more 
varied directions. 

89. The removal of silk and woollen garments, worn daring 
the day in cold weather, is often accompanied by a slight 
noise, resembling that of sparks issuing from a fire. A aimuar 
effect is produced on passing the hand softly over the back of 
a cat. These effects are produced by electricity. 

90. It may here be remarked, that the terms positive and 
negative, axe merely relative terms, a» applied to the subject 
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of electricity. Thus, a bodj which is possessed of its natural 
share of electricity, is positiye in respect to one that has less, 
and negative in respect to one that has more than its natural 
thare of the fluid. So, also, one that has more than its natural 
share is positive with regard to one that has only its natural 
fthiure, or less than its natural share, and negative in respect 
to one having a larger share than itself. 

91. The experiments with the spiral tube connected with 
]Fi^. 8 may be beautifully varied by having a collection of 
sodi tubes placed on a stand ; and a jar coated with small 
strips, resembling a brick wall, presents, when it is chargedi 
a beautiful appearance in the dark. 

92. The electric fluid occupies no perceptible space of time 
in its passage through its circuit. The rapidity of its motion 
bas been estimated as high as 288,000 miles m a second of 
time. It always seems to prefer the shortest passage, when 
the conductors are equally good. Thus, if two, ten, a 
hundred, or a thousand or more persons, join hands, and be 
made part of the circuit of the fluid in passing from the 
inside to the outside of a Ley den jar, they will all feel the 
shock at the same moment of time. But, in its passage, the 
fluid always prefers the best conductors. Thus, if two clouds, 
differently electrified, approach one another, the fluid, in its 
passage m>m one cloud to the other, will sometimes take the 
earth in its course, because the air is a bad conductor. 

93. In thunder-storms the electric fluid sometimes passes 
from the clouds to the earth, and sometimes from the earth to 
the clouds, and sometimes, as has just been stated, from one 
doad to the earth, and from the earth to another cloud.* 

94. It is not safe, during a thunder-storm, to take 
shelter under a tree, because the tree attracts the fluid, and, 
the human body, being a better conductor than the tree, the 
fluid will leave the tree and pass into the body. 

* Anongr tbe common eflTects of lirbtningf one of the most familiar is its 
effect on milk. Tbe reason that milk frequently tnrns sour during: the i>re- 
valence of a thunder-storm, or when the air is surcharged with electricity, 
may be thus explained .—The air consists of two gases, called oxygen and 
nitrogen, mir^a together, but not chemically comftinerd. Oxyg;en comHnedmth 
nitrogei ' - - -. . ^^ --^^ -i— ^ ^^- 

h! 




or eacn gas 

these gases, which are merely mixed in the air, chemically to eomHnef and 

form an acid, which causes the milk to turn sour. 
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It is also unsafe to hold in the hand edge-tools, or aa; 
sharp point which will attract the fluid. 

The safest position that can he chosen during a thanda 
storm is a recumbent posture on a feather bed ; and, in aJ 
situations, a recumbent is safer than an erect position 
No danger is to be apprehended from lightning when tb 
interval between the flash and the noise of the explosion i 
as much as three or four seconds. This space of time nw 
be conveniently measured by the beatings of the pulse^ i 
no time-piece be at hand. 

96. Lightning-rods were first proposed by Dr. Franklin, t< 
whom is also ascribed the honour of the discovery thai 
thunder and lightning are the eflects of electricity. He raisec 
a kite, constructed of a silk handkerchief adjusted to tw( 
light strips of cedar, with a pointed wire fixed to it ; and, 
fastening the end of the twine to a key, and the key, by meant 
of a piece of silk lace, to a post (the silk lace serving to in« 
sulate the whole apparatus), on the approach of a thunder- 
cloud, he was able to collect sparks from the key, to charge 
Leyden jars, and to set fire to spirits. This experiment estfr 
blished the identity of lightning and electricity. The expe- 
riment was a dangerous one, as was proved in the case of Pro- 
fessor E/ichman, of St. Fetersburgh, who fell a sacrifice to 
his zeal for electrical science by a stroke of lightning from las 
apparatus. 

96. Among the most remarkable facts connected with 
the science of electricity, may be mentioned the power pos- 
sessed by certain species of fishes of giving shocks, similar to 
those produced by the Leyden jar. There are three ani- 
mals possessed of this power, namely, the Torpedo, the 
Qymnotus Electricus (or Surinam Eel), and the Silurus 
Electricus. But, although it has been ascertained that the 
Torpedo is capable of giving shocks to the animal system, 
similar to those of the Leyden jar, yet he has never been 
made to aflbrd a spark, nor to produce the least eflfect upon 
the most delicate electrometer. The Gymnotus gives a small 
but perceptible spark. The electrical powers of the Siluros 
are inferior to those of the Torpedo or the Gymnotus, but 
still sufficient to give a distinct shock to the human system. 
TJiis power seems to have been bestowed upon these ani- 
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malB to enable them to secure their prey, and to resist the 
attacks of their enemies. Small fishes, when pat into the 
water where the Gymnotus . is kept, are generally killed or 
stunned by the shock, and swallowed by the animal when 
he is hungry. The Gymnotus seems to be possessed of a 
new kind of sense, by which he perceives whether the 
bodies presented to him are conductors or not. The con- 
sideration of the electricity developed by the organs of these 
animals of the aquatic order, belongs to that department 
called Animal Electricity. 

97. It will be recollected that the phenomena which have 
now been described, with the exception of what has just 
been stated as belonging to animal electricity, belong to 
the subject of frictional electricity. But there are other 
forms in which this subtle agent presents itself, which are 
yet to be described, which show that its operations are not 
confined to beautiful experiments, such as have already 
been presented, nor to the terrific and tremendous eflfects 
that we witness in the storm and the thunder-gust. Its 
powerful agency works unseen on the intimate relations of 
the parts and properties of bodies of every description, 
efiTecting changes in their constitution and character so won- 
derfully minute, thorough, and universal, that it may almost 
be considered as the chief agent of nature, the prime mi- 
nister of Omnipotence, the vicegerent of creative power. 

98. Galvanism, OR Voltaic Electricity. — Gal- 
Tanism^ or Voltaic Electricity, is a branch of electri- 
city which derives its name from Galvani, who first 
discovered the principles which form its basis. 

99. Dr. Aloysius Galvani was a Professor of Anatomyin 
Bologna, and made his discoveries about the year 1790. JSis 
wife, being consumptive, was advised to take, as a nutritive 
article of diet, some soup made of the fiesh of frogs. Several 
of these animals, recently skinned for that purpose, were lying 
on a table in his laboratory, near an electrical machine, with 
which a pupil of the professor was amusing himself in trying 
experiments. While the machine was in action, he chanced 
to touch the bare nerve of the leg of one of the &ogs with the 
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blade of a knife that he held in his hand, when suddenly the 
whole limb was thrown into violent convulsions. Grafvani, 
being informecl of the fact, repeated the experiment, and ex- 
amined minutely all the circumstances connected with it. In •* 
this way he was led to the discovery of the principles which 
form the basis of this science. The science was subse^pently 
extended by the discoveries of Professor Volta, of Pavia, who 
first constructed the galvanic or voltaic pile, in the beginning 
of the present century. 

To produce electricity mechanically (as has been stated 
under the head of frictional electricity), it is necessary to ex- 
cite an electric or non-conducting substance by friction. But 
galvanic action is produced by the contact of different oon- 
aucting substances, and havmg a chemical action on one 
another. 

100. Frictional electricity is produced by the mechamcal 
action of bodies on one another 5 but galvanism, or galvanic 
electricity, is produced by their chemical action. 

101. The motion of the electric fluid, excited by galvanic 
power, differs from that explained under the head of frictional 
electricity in its intensity and duration : for, while the latter 
exhibits itself in sudden and intermitted shocks and explo- 
sions, the former continues in a constant and uninterrupted 
current so long as the chemical action continues, and is in- 
terrupted only by the separation of the substances by which 
it is produced.* 

* The difTerent action ofgnvity on tbe particles of water while in the liquid 
atate, and the same particles in the solid state in tbe form of ice, has been 
explained in a former treatise of this series. In the one case each particle 
gravitates independently, while in the form of ice they gravitate in one mass. 
The fall of a body of ice would therefore produce more serious injury than tbe 
fall of tbe same quantity of water in the liquid form. There is a kind of 
analogy (which, though not sufficient for a philosophical explanation,may serve 
to give an insight into the difference between the effects produced b^ frictional 
electricity and that obtained by chemical means,) between the gravitation of 
water and ice, respectively, and the motion of frictional and chemical electrt- 
city. If the water be dropped in an infinitely narrow stream, its ^ecti, al- 
thoug-h mechanically equal, would be so gradual as to be imperceptible. 80^ 
also, if a given portion of electricity be set in motion as it were in one mats, 
and an equal quantity move in an infinitely narrow current, there will be aoor- 
responding difference in its apparent results. The difference in inteiuUy maf 
perhaos be partially understood by this illustration, although a strict analogy 
may fail to have been made out, owing in part to tne nature of an impolldc^ 
able agent. A strict analogy cannot exist between the operations of two 
agents, one of which is ponderable and the other imponderable. But, tlMt 
there U something like an analogy existing in the cases cited, will appetr fko* 
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102. The nerves and muscles of animals are most easily 
affected by the galvanic fluid ; and the voltaic or galvanic 
battery possesses the most surprising powers of chemical 
decomposition. 

103. The galvanic fluid, or influence, is excited 
by the contact of pieces of difierent metal^ and some- 
times by different pieces of the same metal. 

104. If a living frog, or a fish, having a slip of tin-foil on its 
back, be placed upon a piece of zinc, spasms of the muscles 
will be excited whenever a communication is made between 
the zinc and the tin-foil. 

105. If a person place a piece of one metal, as a half-crown, 
above his tongue, and a piece of some other metal (as zinc) 
below the tongue, he will perceive a peculiar taste ; and, in 
the dark, will see a flash of light whenever the outer edges of 
the metals are in contact. 

106. A faint flash mav be made to appear before the eyes 
by putting a slip of tin-roil upon the bulb of one of the eyes, 
ft piece of silver in the mouth, and making a communication 
between them. In these experiments no eflect is produced so 
long as the metals are kept apart ; but, on bringing them into 
contact, the effects above described are produced. 

107. It is essential in all cases to have three elements to 
produce galvanic action. In the experiments which have 
already been mentioned in the case of the frogs, the fish, 
the mouth, and the eye, the moisture of the animsd, or of the 
mouth, suppUes the place of the acid, so that the three con- 
stituent parts of the circle are completed. 

108. The conductors of the galvanic fluid, like 
those of frictional electricity, are divided into the per- 
fect and the imperfect. Metallic substances, plum- 
bago, and charcoal, the mineral acids and saline solu- 
tions, are perfect conductors. Water, oxydated fluids, 
ae tfae acids, and all the substances that contain these 

•tatementt which have been made on good authority, namely, that there is a 
freater qnantity of electricity developed by the action of a single drop of acid 
OB a very minute portion of zinc, than is usually broug^ht into action in the 
darkest doud that shrouds the horizon. 
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fluids, alcohol, ethet , sulphur, oils, resins and meta 
oxides, are imperfect conductors. 

109. The acid employed in the galvanic circiut must 
ways he one that has a strong affinity for one of the me 
in the circuit. When zinc is employed, sulphuric acid i 
form one of the three elements, because that acid hi 
strong affinity for zinc. 

110. A certain quantity of electricity is always deveh 
whenever chemical action takes place between a fluid an 
solid body. This is a general law of chemical action ; 8 
indeed, it has been ascertained that there is so intima 
connection between electrical and chemical changes, that 
chemical action can proceed only to a certain extent, an] 
the electrical equilibrium, which has been disturbed, 
again restored. Hence, we find that in the simple, as ^ 
as in the compound galvanic circle, the oxydation of 
zinc proceeds with activity whenever the galvanic cird 
completed ; and that it ceases, or at least takes place v 
slowly, whenever the circuit is interrupted. 

111. To produce any {galvanic action it is necessi 
to form what is called a galvanic circle ; that if 
certain order or succession of substances capable 
exciting electricity. 

112. The simplest galvanic circle is composed 
three conductors, one of which must be solid, a 
one fluid ; the third may be either solid or fluid. 

113. The process usually adopted for obtaining galva 
electricity is, to place between two plates of different Idi 
of metal a fluid capable of exerting some chemical actioQ 
one of the plates, while it has no action, or a differ 
action, on the other. A communication is then formed 1 
tween the two plates. 

114. Fig. 14 represents a simple galvanic circle, 
consists of a vessel containing a portion of diluted sulphu 
acid, with a plate of zinc, Z, and of copper, C, immersed 



THE OALTAKIC CISCLB. 87 

it. The pktes are Bcparated at tlie ri«. i*. 

bottom, and the circle is completed by 
connecting the two plates on tlie outBide 
of the veBsel by means of wires. 'I'he 
tame effect will be produced, if instead of . y 
nung the wirei, the metallic plates come JY 
ihto direct contact. ' 

115, In the above arrangement, there 
•re three elements or essential parts, ( 
namelv, the zinc, the copper, and the | 
acid. The add, actbg chemically upon 1 
the rinc, produces an alteration in the 
dectrical state of the metal. 'I'he zinc, 
communicating its natural share of the 
electrical fluid to the acid, becomes 
^egatwely electrified. The copper, at- 
tracting the same fluid from the acid, 
becomes positiiw/y electrified. Any con- 
ducting Bubstance, therefore, placed within the lin. 
mnnication between the positive and negative points, will re- 
ceive the charge thus to be obt^ned. The arrows in Fig. 
14 show the direction of the current of positive electricity. 
oamely, from the zinc to the fluid, from the fluid to the 
Copper, from the copper back through the wires to the zinc, 
passing from zinc to copper in the acid, and from copper to 
tine mtt of the acid. The substance submitted to the action 
of the electric current must be placed in the line of commu- 
bicatioD between the copper and the zinc. The wire con- 
nected with the copper is called the po$Uive pole, and that 
oonoected with the zinc the negative pole, and in all cases 
the aubftance tubmtlled to galvanic action mu»l be placed 
between the potitive and negative poles. 

116. The electrical effects of a simple galvanic circle, such 
%8 has now been described, are, in general, too feeble to be 
perceived, except by very delicate teats. The muscles of 
WUDoals, especially those of cold-blooded animals, such as 
bogt, &c., the tongue, the eje, and other sensitive parts of 
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the body, betDg very eaeUy affected, afford ezkmplei of the 
operatioa of simiile galvanic circles. In theae, atUiongh the 
quantity of electricity set in motion is esceediogly email, it 
is yet sufficient to produce very considetable effects ; but it 
produces little or no effect on the most delicate elec- 
trometer. 

117. The galvanic effects of a simple circle mijr 
be increased to any degree, by a repetition of tlie 
same eimple combination. Such repetitions consti- 
tute compound galvanic circles, and are called gal- 
vanic piles, or galvanic batteries, according tolbe 
mode in which they are constructed. 

118. It appears at first view to be a singular fact, that, in* 
eimple galvanic circle, compoaed of zinc, acid and copper, tlu 
Einc end will always be negative, and the copper end pan- 
tive ; while, in all compounii galvanic circles composed Of dia 
same elements, the zinc will be positive, and tlie ooppernefo- 
tive. This apparent difference arises from the compoond 
circle being usually terminated bj two superfluous plates. 

1 19. The voltaic pile consists of alternate platesoT 
two different kinds of metal separated by woollen 
cloth, card, or some similar substance. 

Fiff. 15. |20_ Pig 15 represents a voltaic pile. A 

voltaic pile may be constructed in the foi- 
lowing manner : — Take, a number of pkln 
,. of silver, and the same number of zinc, and 
I also of woollen cloth, — the cloth havinf 
been soaked in a solution of sal ammoniu 
in water. With these a pile is to be formed, 
in the following order — namely, a piece vl 
s'l e a p'ece of zinc, a piece of cloth, and thus repeated. 
ih a to be supported by three glass rods, placed per- 
pe (I 1 ly, with pieces of wood at the top and bottom, md 
h pd w 11 then be complete, ar.-l will afford a constant CUT' 
f I ctric fluid through any conducting substance. 
Th f le hand be applied to the lower plate, and tbt 
oth he upper one, a shock will be felt, which will ba 

repented as often as the contact is renewed. 
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Instead of silver, copper plates, or plates of other metal, 
may be used in the above arrangement. The arrows in the 
figure show the course of the current of electricity in the 
arrangement of silver, zinc, &c. 

121. Voltaic piles have been constructed of layers of 
gold and silver paper. The effect of such piles remains un. 
disturbed for years. With the assistance of two such piles, 
an approximation to perpetual motion, in a self-moving 
dock, has been invented by an Italian philosopher. The 
motion is produced by the attraction and repulsion of the 
piles exerted on a pith -ball, on the principle of the electrical 
bells. The top of one of the piles was positive, and the 
bottom negative. The other pile was in an opposite state ; 
namely, the top negative, and the bottom positive. 

122. The voltaic, or galvanic battery, is a combi- 
nation of metallic plates, immersed in pairs in a fluid 
which exerts a chemical action on one of each pair 
of the plates, and no action, or, at least, a different 
action^ on the other. 

123. The electricity excited by the battery proceeds /rom 
the solid to the fluid, which acts upon it chemically. Thus, 
in a battery composed of zinc, diluted sulphuric acid and 
copper, the acid acts upon the zinc, and not on the copper. 
The galvanic fluid proceeds, therefore, from the zinc to the 
acid, from the acid to the copper, &c. Instead of using 
two different metals to form the galvanic circuit, one metal, 
in different states, may be employed ; — the essential prin- 
ciple being, that one of the elements shall be more power* 
fully affected by some chemical agent than the other. Thus, 
if a galvanic pair be made of the same metal, one part 
must be softer than the other (as is the case with cast and 
rolled zinc) ; or a greater amount of surface must be exposed 
to corrosion on one side than on the other ; or a more pow- 
erful chemical agent be used on one side, so that a current 
will be sent from the part most corroded, through the 
liquid, to the part least corroded, whenever the poles are 
united, and the circuit thereby completed. 



40 



BLEOTRICITY. 





F(gr. 16. 124. Fig. 16 represents a vol- 

taic battery. It consists of f 
troagb made of baked wood, 
wedge wood- ware, or some other 
non-conducting substance. It is 
divided into grooves, or parti- 
tions, for the reception of the 
acid, or a saline solution, and 
the plates of zinc or copper (or 
other metal) are immersed! by 
pairs in the grooves. These pairs of plates are united by a 
slip of metal passing from the one and soldered to the other ; 
each pair being placed so as to enclose a partition between 
them, and each cell or groove in the trough containing a 
plate of zinc, connected with the copper plate of the suc- 
ceeding cell, and a copper plate joined with the zinc plate 
of the preceding cell. These pairs must commence with 
copper and terminate with zinc, or commence with zinc and 
terminate with copper. The communication between the 
first and last plates is made by wires, which thus complete 
the galvanic circuit. The substance to be submitted to gal- 
vanic action is placed between the points of the two wires, 

125. A compound battery of great power is obtained by 
uniting a number of these troughs. In a similar manner, a 
battery may be produced by uniting several piles, making a 
metaUic communication between the last plate of the one 
and the first plate of the next, and so on, taking care that 
the order of succession of the plates in the circuit be pre- 
served inviolate. 

126. The Couronne des tasses, re- 
presented in 'Fig. 17, is another 
form of the galvanic battery. It 
consists of a number of cups, bowls, 
or glasses, with the zinc and copper 
plates immersed in them, in the 
order represented in the figure ; Z 
indicating the zinc, and C the 
copper plates 3 the arrows denoting 
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.137. The electric shock from the voltaic batterj majr be 
received by any Dumber of peraoos, by joioing hands, 
bftviiig previously wetted them. 

128. Subb's Galvanic Bat-it.kt is represented in 
Fig. IS, and affords an iaetance of a battery in itg Rimplett 
form. It coneiets of a glass vessel (as it tumbler), on which 
rests the frame that supports the apparatus within. Two 
screw caps rise from the frame, to which Fig. is. 
irires mav be attached for the conveyence of 
the electnc current in any direction. One of 
the screw cups communicates with a tliin strip | 
of platinum, or platinum- foil, which is bos- I 
pended within the glass vessel between two I 
plates of zinc, tims presenting' each surface of I 
the platinum to a surface of zinc ; and the ' 
giilvanic action is in proportion to the extent of the oppo- 
■ite Btufaces of the two metals, and their nearness to each 
other. The other screw. cup is connected with the two zinc 
plates. The screw-cup connected with the platinum is in- 
sulated from the metallic frame which supports it, by rose- 
wood, and a thumb-screw conHnes the zinc plates, so that 
they can be renewed when necessary. The liquid em- 
|doyed for this battery is sulphuric acid, or oil of vitriol, 
diluted with ten parts of water by measure. To prevent 
the action of the acid upon the zinc plates, their surfaces 
are commonly amalgamated, or combined with mercury, 
which pievents any chemical action of the acid with the zinc 
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until the galranio circuit is cataUiBhed, wben the si 
mediately attacked by the acid. 

139. Fig. 19 repreeeotB a serieB of three pur 
batteiy , in which it Trill be obKrved that the ptf 
one it connected with the zinc uf the next, and 
tenninal wires proceed, coneequently, one from a 
plate, and the other from a zinc plate, as in a singl 
130. Sdlphati of Coppsk Battbbt. — fig. S 
Knta a sulphate f£ copper battery, and Fig. 21 i 
section of the same battery. It consists of a double 
of copper, C C, Fig, 2 1 , with a bottom of the sao 
rig. no. which serves the doc 

pose of a g-alvanic pi: 
vessel to contain the 
solution. I'he solutic 
tained in the space 
the two copper cylini 
movable cylinder of z 
letdown intothesolnti 
ever the battery ia to 
It resta on three armi 
or ivory at the top, 1 
of which it is insulate 
suspended in the soh 
surfaces of zinc and 
rcHpectively, face ea( 

tached to the ; 
another, P, to th 
cylinder, to ce< 
wires. When a 

the two cupa, e 
is excited. The I: 
ployed in this ba 
solution of snlf 
copper (commc 
vitriol) in water. 
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iKted tolatkm is first made, and to this solution as maoh 
more water is added. 

131. A pint of water will dissolye abont a quarter of a pound 
of Une Titrioi. The solution described above will therefore 
eontaia about two ounces of the salt to the pint. The addition 
of aloN^l in small quantities increases the permanency of the 
action of the solution. The zinc cylinder shoidd always be 
taken out of the solution when the battery is not in use ; but 
.tiie solution may remain in the battery. The battery will 
keep in good action for twenty or thirty minutes at a time. 

132. The sulphate of copper battery, although not so 
energetic as Smee's, is found very convenient in a large 
class of experiments, and is particularly recommended to 
those who are inexpert in the use of acids ; because the 
sulphate of copper, being entirely neutral, will not injure 
the colour nor the texture of organic substances. 

133. There is another form of the sulphate of copper 
battery, called the Protected Sulphate of Copper Battery, 
which differs from the one described in having a porous 
cell of earthenware, or leather, interposed between the zinc 
and the copper, thus forming two cells, in the outer of which 
sulphate of copper may be used, and in the inner one a 
solution of sulphate of soda (Glauber salt), or chloride of 
•odium (common salt), or even diluted sulphuric acid. This 
battery will continue in use for several days, and it is there- 
fore of great use in the electrotype process. 

134. GaovB's Battery. — This is the most energetic 
battery yet known, and is the one most generally used for 
the magnetic telegraph. The metals employed are platinum 
and zinc> and the solutions are strong nitric Fiff. 2a. 
acid in contact vnth the platinum, and sul- 
phuric acid diluted with ten or twelve parts 
of water in contact with the zinc. This 
battery must be used with great care, on 
account of the strength of the acids used 
lor the solutions, which send out injurious 
fames, and which are destructive to organic 
substances. Fig. 22 represents Grove's 
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battery. The containing vessel is glass ; within this is 
thick cylinder of amalgamated zinc, standing on short h^ 
and divided by a longitudinal opening on one side, in ordt 
to allow the acid, to circulate freely. Inside of this is a p< 
rous cell of unglazed porcelain, containing the nitric acic 
and strip of platinum. The platinum is supported by a stri 
of brass fixed by a thumb- screw and an insulating piece < 
ivory to the arm proceeding from the zinc cylinder, Th 
amalgamated zinc is nyt acted upon by the diluted sulphur! 
acid until the circuit of the battery is completed. But, t 
the nitric acid will filter through the porous cell, and ai 
upon the zinc, it is advisable to remove the zinc from th 
acid when the battery is to remain inactive. The action < 
Grove's battery may be considered as three times greats 
than that of the sulphate of copper battery. 

135. The spark from a powerful voltaic battery acts upo 
and inflames gunpowder, charcoal, cotton, and other inflan 
mable bodies, fuses all metals, bums up or disperses diamonc 
and other substances on which heat in other forms product 
little or no effect. 

136. The most striking effects of Galvanism on the huma 
frame, after death, were exhibited at Glasgow, a few yeai 
ago. The subject on which the experiments were made wt 
the body of the murderer Clydesdale, who was hanged at tiii 
city. He had been suspended an hour, and the first exper 
ment was made in about ten minutes after he was cut dowi 
The galvanic battery employed consisted of 270 pairs of foui 
inch plates. On the application of the battery to differei 
parts of the body, every muscle was thrown into violei 
agitation ; the leg was thrown out with great violence, breati 
ing commenced, the face exhibited extraordinary grimacei 
and the finger seemed to point out the spectators. Man 
persons were obliged to leave the room from terror or sickness 
oue gentleman fainted, and some thought that the body ha 
really come to life. 

137. The wires, by which the circuit of the battery) 
completed, are generally covered with glass tubes, in orde 
that they may be held or directed to any substance. 

138. There are three principal circumstances in whicl 



GALVANIC BATTERY. 46 

the electricfity produced by the galvanic or voltaic battery 
differs from that obtained by the ordinary electrical machine ; 
namely, 

(1 .) The very low degree of intensity of that produced 
by the galvanic battery, compared with that obtained by 
the machine. 

139. By intensity is here meant something analogous to 
what is implied by density as applied to matter ; but in the 
one case it is a ponderable agent, in the other an imponder- 
able, so that a strict analogy cannot be made out between 
them. The term density cannot be applied to any of the 
imponderable agents, light, sound, heat, or electricity. We 
speak of the intensity of light, an intensity of heat, &c. 
Hence, the word intensity is properly applied to electricity, 
and we speak of its tension, instead of its density. 

The quantity of electricity obtained by galvanic action is 
much greater than can be obtained by the machine 5 but it 
flows, as it were, in narrow streams. 

The action of the electrical machine may be compared to a 
mighty torrent, dashing and exhausting itself in one leap from 
a precipitous height. The galvanic action may be compared 
to a steady stream, supplied bv an inexhaustible fountain. In 
other words, the momentum of the electricity excited by gal- 
vanism is less than that from the electrical machine ; but the 
quantity t &s has been stated, is greater. 

(2.) The very large quantity of electricity which is set in 
motion by the voltaic battery ; and, 

(8.) The continuity of the current of voltaic electricity, 
and its perpetual reproduction, even while this current is 
tending to restore the equilibrium. 

140. Whenever an electrical battery is charged, how 
great soever may be the quantity that it contains, the whole 
of the power is at once expended, as soon as the circuit is 
completed. Its action may be sufficiently energetic while it 
lasts, but it is exerted only for an instant, and, like the de- 
stnictive operation of lightning, can effect during its mo- 
mentary passage only sudden and violent changes, which it 
ig beyond human power to regulate or control. On the 
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contrary, the voltaic battery continues for an indefittte -tioie 
to develope and supply vast quantities of electricity, whidi. 
far from being lost by returning to their source, circulate m. 
a perpetual stream, and with undiminished force. The 
effects of this continued current on the bodies subjected to 
its action wUl therefore be more definite, and will be con- 
stantly accumulating ; and their amount, in process of time* 
will be incomparably greater than even those of the ordinary 
electrical explosion. It is therefore found that changes in 
the composition of bodies are effected by galvanism wfaicli 
can be accomplished by no other means. The science of 
galvanism, therefore, has extended the field, and multiplied 
the means of investigation in the kindred sciences, especially 
that of Chemistry. 

141. A common electrical battery maybe charged from 
a voltaic battery of sufficient size -, but a battery constructed 
of a small number of pairs, even though the plates are large, 
fumisbes no indication of attraction or repulsion equal to 
that which is given by the feeblest degree of excitation to a 
piece of sealing-wax. A galvanic battery consisting of fifty 
pairs of plates will affect a delicate gold-leaf electrometer ; 
and, with a series of one thousand pairs^ even pith balls are 
made to diverge. 

142. The effect of the voltaic pile on the animal body de- 
pends chiefly on the number of plates that are employed ; 
but the intensity of the spark and its chemical agencies in- 
crease more with the size of the plates than with their 
number. 

143. Galvanism explains many facts in common Hfe, 

Porter, ale, or strong beer, is said to have a peculiar taste 
when drunk from a pewter vessel. The pecuUarity of taste 
is caused by the galvanic circle formed by the pewter^ tbe 
beer, &c., and the moisture of the under lip. 

Works of metals, the parts of which are soldered together, 
soon tarnish in the places where the metals are joined. 

Ancient coins composed of a mixture of metal haye cmm- 
bled to pieces, while those composed of pure metal have been 
nninjured. 
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The naiis and the copper in sheathing of ships are soon 
corroded ahout the place of contact. These are all the ef- 
fects of galvanism. 

There are persons who profess to be able to find out 
seams in brass and copper vessels by the tongue, which the 
eye cannot discover ; and, by the same means, to distinguish 
the base mixtures which abound in gold and silver trinkets. 

144. From what has now been stated, it will be seen that 
the e£rects of galvanic action depend on two circumstances ; 
namely, 1st. the size of the plates employed in the circuit ; 
and 2dly, the number of the pairs constituting a battery. 
But there is a remarkable circumstance to be noticed in this 
connection ; namely, that there is one class of facts depen* 
dent on the extension of the size of the plates, and another 
on the increase of their number. The power to develope heat 
and magnetism is dependent on the size of the plates, that is, 
on the extent of the surface acted upon by the chemical 
agent ; while the power to decompose chemical compounds, 
and to affect the animal system, is affected in a greater ratio 
by the increase of the number of the pairs. 

145. The name Calorimotor (that is, the mover of heat) 
was applied by Dr. Hare, of Philadelphia, to a very powerM 
apparatus which he constructed, with large plates, and 
wluch he found possessed of a very remarkable power in pro- 
ducing heat. Batteries constructed for this purpose usually 
consist of from one to eight pairs of plates, lliey are made 
in various forms ; sometimes the sheets of copper and zinc 
are coiled in concentric spirals, sometimes placed side by 
side ; and they may be divided into a great number of 
small plates, provided that all the zinc plates are connected to- 
geiher, and all the copper plates together, and then that the 
experiments are performed in a channel of communication, 
opened between the sbts op plates, and not between pairs, 
08 in the common battery ; for it is immaterial whether one 
large surface be used, or many small ones electrically con- 
nected together. The effect of all these arrangements, by 
which the metallic surface of a single pair is augmented^ is 
to increase the quantity produced. 
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146. The galranio or voltaic battery is one of the meet 
valuable acquisitions of modem science. It has proyed in 
many instances the key by which science has entered into jhe 
innermost recesses of natui'e, and discovered the secret of 
many of her operations. It has, in great measure, lifted the 
hitherto impenetrable veil that has concealed the mystenons 
working[8 in the material world, and has opened a field for in- 
vestigation and discovery as inviting as it is boundless. It 
has strengthened the sight and enlarged the view of the phi- 
losopher and the man of science, and given a degree of oer- 
tainty to scientific inquiry hitherto known to be unreached, 
and supposed to be unattainable ; and, if it has not yet satis- 
fied the nopes of the alchemist, nor emulated the gold-convert- 
ing touch of Midas, it has shown, almost to demonstration, 
that science may yet achieve wonders beyond the stories of 
mythology, and realize the familiar adage, that '* truth is 
stranger than fiction,** 

147. Magnetism. — Magnetism treats of the pro- 
perties and effects of the magnet, or loadstone. 

148. The term loadstone, or, more piroperly, leadstone, was 
applied to an ore of iron in the lowest state of oxidation, firom 
its attractive properties towards iron, and its power of com- 
municating its power to other masses of iron. It received the 
name of Magnet from Magnesia, in Asia Minor (now called 
Guzelhizar), about fifteen miles from Ephesus, where its pro- 
perties were first well known. The term magnet is now ap- 
plied to those substances which, naturally or artificially, are 
endowed either permanently or temporarily with the same at- 
tractive power. 

149. Certain ores of iron are found to be naturally pos- 
sessed of magnetic properties, and are therefore called natural 
or native magnets, or loadstones. Besides iron and some 
of the compounds, nickel, and, perhaps, cobalt, also possess 
magnetic properties. But all conductors of electricity are 
capable of exerting the magnetic properties of attraction 
and repulsion while conveying a current of electricity, as will 
be shown under the head of Eilectro-Magnetism. 

160. That part of science which relates to the development 
of magnetism by means of a current of electricity will be no- 
ticed under the head of Electro-Magnetism, in which con- 
nection will also be mentioned the development of electrieity 
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by magnetisni, to which the term Magneto-Electricity has 
been applied. 

151. There are two kinds of magnets, namely, the 
native or natural magnet, and the artificial. 

152. The native magnet, or load-stone, is an ore of 
iron, found in iron mines, and has the property of 
attracting iron, and other substances, which contain it. 

153. A permanent artificial magnet is a piece of 
iron to which permanent magnetic properties have 
been communicated. 

154. For all purposes of accurate experiment, the 
artificial is to be preferred to the native magnet. 

155. If a straight bar of soft iron be held in a vertical 
position (or, still better, in a position slightly inclined to the 
perpendicular, the lower end deviating to the north), and 
struck several smart blows with a hammer, it will be found 
to have acquired, by this process, all the properties of a 
magnet ; or, in other words, it will become an artificial 
magnet. 

156. The properties of a magnet are, — polarity ; attrac- 
tion of unmagnetic iron ; attraction and repulsion of magnetic 
iron'; the power of communicating magnetism to other iron. 
Besides these properties, the magnet has recently been dis- 
covered to be possessed of electrical properties. These will 
be considered in another connection, 

157. By the polarity of a magnet is meant the property 
of pointing or turning to the north and south poles. The 
end which points to the north is called the north pole of the 
magnet, and the other the south pole. 

158. The attractive power of a magnet is generally stated 
to be greatest at the poles ; but the actual poles, or points 
of greatest magnetic intensity, in a steel magnet, are not 
exactly at the ends, but a little within them. 

159. When a magnet is supported in such a manner 
as to move freely, it will spontaneously assume a po- 
sition directed nearly north and south. 



50 ELKCTBICITY. 

160. The points to which the poles of a magnet 
turn are the magnetic poles. These do not exactly 
coincide with the astronomical poles of the earth ; but, 
aUthough the value of the magnetic needle has been 
predicated on the supposition that its polarity is a 
tendency to point exactly to the north and south poles 
of the earth, the recent discovery of the magnetic 
poles, as the points of attraction, has not depreciated 
the value of the compass, because the variation is 
known, and proper allowances can be made for such 
variation. 

161. There are several ways of supporting a magnet^ so 
as to enable it to manifest its polarity. First, by suspend- 
ing it, accurately balanced, from a string. SecontUy^ by 
poising it on a sharp point. Thirdly, by attaching it to 
some buoyant substance, and allowing it to float freely on 
water. 

162. Different poles of magnets attract, and sioiilar 
poles repel each other. 

There is here a close analogy between the attractive and 
repulsive powers of the positive and the negative forma of 
electricity, and the northern and southern polarities of the 
magnet. The same law obtains with regard to both ; namely, 
between likej>owers there is repulsion, between unlike there is 
attraction, 

163. A magnet, whether native or artificial, attracts iron 
or steel which has no magnetic properties ; but it both 
attracts and repels those substances when they are magnetic ; 
that is, the north pole of one magnet will attract the south 
pole of another, and the south pole of one will attract the 
north of another ; but the north pole of the oue repels the 
north pole of the other, and the south pole of one repels the 
south pole of another. 

164. If either pole of a magnet be brought near any small 
piece of soft iron, it will attract it. Iron filings will also 
adhere m dusters to either pole. 
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166. A magnet may communicate its properties to 
other unmaguetized bodies. But these properties can 
be generally conveyed to no other. substances than 
iron, nickel or cobalt^ without the aid of electricity. 

Coulomb has discovered that ^^ all solid bodies are 
susceptible of magnetic influence,^* But the " influ- 
ence is perceptible only by the nicest tests^ and under 
peculiar circumstances. 

. 166. All permanent natural and artificial magnets^ 
as well as the bodies on which they act, are either 
iron in its pure state, or such compounds as contain it. 

167. The powers of a magnet are increased by 
action^ and are impaired, and even lost, by long 
disuse. 

168. When the two poles of a magnet are brought 
together, so that the magnet resembles in shape a 
horse-shoe, or the capital letter U, it is called a horse- 
shoe magnet, or a U magnet ; and it may be made 
to sustain a considerable weight, by suspending sub- 
stances from a small iron bar, extending from one 
pole to the other. This bar is called the keeper. A 
small addition may be made to the weight every day. 

169. Soft iron acquires the magnetic power very readily, 
and also loses it as readily ; hardened iron or steel acquires 
the property with difficulty, but retains it permanently. 

170. When a magnet is broken or divided, each 
part becomes a perfect magnet, having both a north 
and south pole. 

This is a remarkable circumstance, since the central part 
of a magnet appears to possess but little of the magnetic 
power ; but, when a magnet is divided in the centre^ this very 
part assumes the magnetic power, and becomes possessed 
in the one part of the north, and in the other of the south 
polarity. 
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171. The m^igpietic power of iron or steel appears to re« 
side wholly on the surface, and is independent of its mass. 

172. In this respect there is a strong resemblance 
between magnetism and electricity. Electricity, as has 
already been stated, is wholly confined to the surface of 
bodies. In a few words, magnetism and electricity may be 
said to resemble each other in the following particulars : — 

(1.) Each consists of two species, namely, the vitreoiis 
and the resinous (or the positive and negative) electricities ; 
and the northern or southern (sometimes called the Boreal 
and the Austral) polarity. 

(2.) In both magnetism and electricity, those of the same 
name repel, and those of different names attract each other. 

(3.) The laws of induction in both are similar. 

(4.) The influence, in both cases (as has just been stated), 
resides at the surface, and is wholly independent of their 
mass, 

173. Heat weakens, and a great degree of heat 
destroys the power of a magnet ; but the magnetic 
attraction is undiminished by the interposition of any 
bodies, except iron, steel, &e, 

174. Electricity frequently changes the poles df a 
magnet; and the explosion of a small quantity of 
gunpowder, on one of the poles, produces the same 
effect. Electricity, also, sometimes renders iron and 
steel magnetic^ which were not so before the charge 
was received. 

175. The effect produced by two magnets, used 
together, is much more than double that of either 
one used alone. 

176. When a magnet is suspended freely from its 
centre, the two poI«s will not lie in the same hori- 
zontal direction. Tliis is called the inclination or 
the dipping of the magnet. 

7/7. The tendency of a magnetic needle to dip is cor- 
rected, in the mariner's and avxrve^j at' «»cQ.m^ea8es, by making 
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the south ends of the needles intended for use in northern 
latitudes somewhat heavier than the north ends. Compass- 
needles, intended to he employed on long voyages, where 
great variations of latitude may be expected, are furnished 
with a small sliding weight, by the adjusting of which the 
tendency to dip may be counteracted. The cause of the 
dipping of the needle is the superior attraction caused by the 
closer proximity of the pole of the magnet to the magnetic 
pole of the earth. In north latitude, the north pole of the 
needle dips ; in south latitude, the south pole. 

178. The magnet, when suspended, does not in- 
variably point exactly to the north and south points^ 
but varies a little towards the east or the west. This 
variation differs at different places, at different seasons^ 
and at different times in the day. 

179. The variation of the magnetic needle from what has 
been supposed its true polarity was a phenomenon that for 
centuries had baffled the science of the philosopher to ex- 
plain. Recent discoveries have given a satisfactory expla- 
nation of this apparent anomaly.* The earth has, in fact, 
four magnetic poles, two of which are strong and two 
are weak. The strongest north pole is in America, — the 
weakest, in Asia. The earth itself is considered as a mag- 
net, or, rather, as composed in part of magnetic substances, 
80 that its action at the surface is irregular. The variation 

* Mr. Faraday, in a lecture before the Roya] Institution upon the Magnetic 
Forces, made the following important announcement : 

'* A German astronomer has for many years been watching the spots on the 
Bun, and daily recording the result From year to year the groups of spots 
vary. They are sometimes very numerous, sometimes they are few. After a 
while it became evident that the variation in number followed a descending 
scale through five years, and then on an ascending scale through five subse- 
qge nt years, — so that the periodicity of the variations became a visible fact. 

*' While our German friend was busy with his group of sun-spots, an En- 
glishman was busy with the variations of the magnetic needle. He, too, was a 
patient recorder of patient observation. On comparing his tabular results 
with those of the German astronomer, he found that the variations of the mag- 
netic needle corresponded with the variations of the sunnspots,— that the years 
when the groups were at their maximum, the variations of the needle were at 
their maximum, and so on through their series. This relation may be coinci- 
dent merely, or derivative ; if the latter, then do we connect astral and terre». 
trial magnetism, and new reaches of science are open to as." 
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of the needle from the true geographical meridian is: tibete- 
fore aal ject to changes more or lees irregular.* 

180. The science of Magnetism has rendered immense 
advantages to commerce and navigation, by means of the 
mariner's compass. The Mariner's Compass consists of a 
magnetized bar of steel, called a needle ; having at its centre 
a cap fitted to it, which is supported on a aharp-pointed 
pivot fixed in the base of the instrument. A drccdar plate, 
or card, the circumference of which is divided into degrees, 
is attached to the needle, and turns with it. On an inner 
circle of the card the thirty-two points of the mariner's 
compass are described. 

181. The needle is generally placed under the card of a 
mariner's compass, so that it is out of sight ; but small 
needles, used on land, are placed above the card^ not at- 
tached to it, and the card is permanently fixed to the box. 

182. The compass is generally fitted by two sets of axes 
to an outer box, so that it always retains a horizontal posi- 
tion, even when the vessel rolls. When the artificial magnet 
or needle is kept thus freely suspended, so that it may tarn 
north or south, the pilot, by looking at its position, can 
ascertain in what direction his vessel is proceeding ; and, 
although the needle varies a little from a correct polarity, 
yet this variation is neither so great, nor so irregular, as 
seriously to impair its use as a guide to the vessel in its 
course over the pathless deep. 

183. The invention of the mariner's compass is usually 
ascribed to Flavio de Melfi, or Flavio Gioia^ a Neapolitan, 
about the year 1302. Some authorities, however, assert 
that it was brought from China by Marco Paolo, a VenetiBn, 

* This rabject is very ably treated in " Davis' Manual of Mag^ietism " 
(edition of 1847), to which the student is referred, as probablv tM beat da- 
xnentary treatise on the subject that has been published. Mr. Davis is one of 
those scientific and skilful mechanics (of whom there are not a few amonc^ us) 
who have, as it were, forced their way into the temple of science amw dis- 
couragements and difficulties, but have deposited richer gifts on the altar than 
most of those whose contributions were expected. He has orin^inated many 
improvements in this department of science ; and his devotion to the sub- 
ject has probably rendered him as familiar with all the pecniiar plmomens 
relating^ to it as any one in or out of the country. 
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na 1S60. The iuTention u alM claimed both bj the French 




184. The value of thU discovery ntay be estimated from 
the connderation that, before the use of the compaH*, 
mariners seldom trusted themselvcH out of eight of laud ; 
they were unable to make long or distant voyagea, se they 
bad no means to find their way back. This discovery 
enabled them to find a way where all is tracklesa ; to 
conduct their vessels through the mighty ocean, out of the 
sight of land ; and to prosecute those discoveries, and per- 
form those gallant deeds, which have immortalized the 
names <rf Cook, of La Perouse, Vancouver, Sir Francis Drake, 
Neleon, Parry, Franklin and others. 

185. The north pole of a magTiet is more powerful 
in the northern hemisphere, or north of the equator, 
and the south pole in the southeni parts of the 
world. 
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186. When a piece of iron is brought snfiBcientlf neaf ^ 
a magnet, it becomes itself a magnet ; and bars c^ iron that 
have stood long m a perpendicular sitoation are generally 
found to be magnetical. 

187. Artificial magnets are made by applying one 
or more powerfal magnets to pieces of soft iron. 
The end which is touched by the north pole becomes 
the south pole of the new magnet, and that touched 
by the south pole becomes the north pole. The 
magnet which is employed in magnetizing a steel bar 
loses none of its power by being thus employed ; and, 
as the effect is increased when two or more magnets 
are used, with one magnet a number of bars may be 
magnetized, and then combined together; by which 
means their power may be indefinitely increased. 
Such an apparatus is called a magnetic magazine. 

188. There are several methods of making artificial 
magnets. One of the most simple and effectual consists in 
passing a strong horse- shoe magnet over bars of soft iron. 

In making bar (or straight) magnets, the bars most be 
laid lengthwise, on a flat table, with the marked end of one 
bar against the unmarked end of the next ^ and in making 
horse-shoe magnets, the pieces of steel, previously bent into 
their proper form, must be laid with their ends in contact, 
so as to form a figure like two capital U's, with their tops 
joined together, thus, CD ; observing that the marked 
ends come opposite to those which are not marked ; and 
then, in either case, a strong horse-shoe magnet is to be 
passed, with moderate pressure, over the bars, taking care 
to let the marked end of this magnet precede and its un- 
marked end follow it, and to move it constantly over tbe 
steel bars, so as to enter or commence the process at a 
mark, and then to proceed to an unmarked end, and enter 
the next bar at its marked end, and so proceed. 

After having thus passed over the bars ten or a dozen times 
on each side, and in the same direction as to the marks, 
they wUl be converted into tolerably strong and permaneat 



ELEOTRO-MAGKETISM. 67 

inftgnets. But if« after having continued the process for 
some time, the exciting magnet be moved even once over 
the bars in a contrary direction, or if its south pole should 
be permitted to precede after the north pole has been first 
used, all the previously-excited magnetism will disappear, 
and the bars will be found in their original state. 

• This mode of making artificial magnets is likely to be 
wholly superseded by the new mode by electrical aid, which 
will be noticed in connection with Electro-magnetism. 

189. A magnetic magazine may be made by taking 
several horse- shoe magnets of equal size, and, after having 
magnetized them, uniting them together by means of screws. 

190. A magnetic needle is made by fastening the steel on 
a piece of board, and drawing magnets over it from the 
centre outwards. 

191* A horse-shoe magnet should be kept armed, by a 
small bar of iron or steel, connecting the two poles. The 
bar is called " the keeper," 

Interesting experiments may be made by a magnet, even of 
no great ^ower, with steel or iron filings, small needles, pieces 
of lerrugmous substances, and black sand which contains 
iron. Such substances may be made to assume a variety of 
amusing forms and positions by moving the magnet under the 
card, paper or table, on which they are placed. Toys, repre- 
senting nshes, frogs, aquatic birds, Ac, which are made to 
appear to bite at a hook, birds floating on the water, &c., are 
constructed on magnetic principles, and sold in the shops. 

192. Electro-magnetism relates to magnetism 
which is induced by the agency of electricity. 

193. The' passage of the two kinds of electricity (namely, 
the positive and the negative) through their circuit is called 
the ^eetric currents ; and the science of Electro-magnetism 
explains the phenomena attending those currents. It has al- 
ready been stated that from the connecting wires of the gal- 
vanic circle, or battery, there is a constant current of electri- 
city passing from the zinc to the copper, and from the copper 
to the zinc plates. In the single circle these currents will be 
negative from the zinc, and positive from the copper ; but in 
the compound circles, or the battery, the current of positive 
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electricity will flow from tlie zinc to the copper, and the cur- 
rent of negative electricity from the copper to the sine. Emm 
the effect produced by electricity on the magnetic needle, it 
had been conjectured, by a number of eminent philoeopheiB, 
that ma^etiem, or magnetic attraction, is in some manner 
caused by electricity. In the year 1819, Professor (Ersted, of 
Copenhagen, made the grand discovery of the ^wer of the 
electric current to induce magnetism ; thus proving the eon* 
nection between magnetism and electricitf . In a short time 
alW the discovery of Professor CBrsted, Mr. Faraday dis- 
covered that an electrical spark could be taken from a magnet ; 
and thus the common source of magnetism and electricity was 
fully proved. In a paper published a few years ago, this dis- 
tinguished philosopher has very ably maintamed the identity of 
common electricity, voltaic electricitj, magnetic electricity, (or 
electro -magnetism), thermo-electricity, and animal electricity. 
The phenomena exhibited in all these five kinds of electridtj 
differ merely in degree, and the state of intensity in the action 
of the fluid. The discovery of Professor CBrsted has been 
followed out by Ampere, who, by his mathematical and expe- 
rimental researches, has presented a theory of the science less 
obnoxious to objections than that proposed by the professor. 
The discovery of (Ersted was limited to the action of tJde 
electric current on needles previouslif mctgnetized ; it was 
afterwards ascertained by Sir Humphrey Davy and M. Araeo 
that magnetism may be developed in steel not previonuy 

Sossessinff it, if the steel be placed in the electric current 
toth of these philosophers, independently of each other, as- 
certained that the uniting wire, becoming a magnet, attracts 
iron filings and collects sufficient to acqmre the diameter of a 
common quill ; but the moment the connection is broken, all 
tlie filings drop off, and the attraction diminishes with the 
decaying energy of the pile. Filings of brass or copper, or 
wooa-shavings, are not attracted at all. 

194. All the effects of electncity and galvanism that have 
hitherto b^en described have been produced on bodies w- 
terposed between the extremities of conductors, proceeding 
from the positive and negative poles. It was not known, 
until the discoveries of Professor (Ersted were made, that 
any effect could be produced when the electric circuit is 
uninterrupted. It will presently be seen that this consti- 
tutes the great distinction between electricity and electro- 



ELECTRO-MAGKBTISM. 59 

magnetism, namely, that one describeB the effect of dec- 
tricttjT when interrupted in its course, and that the other 
mtjirt especially explains the effect of an uninterrupted cur- 
rent of dectridty. 

195. The principal facts in connection with the science of 
eleetro-magnetism, are— 

(1.) That the dectrical current, passing uninterruptedly 
through a wire connecting the two ends of a galvanic bat- 
tery, produces an effect upon the magnetic needle. 

^2.) That electricity will induce magnetism. 

(3.) That a magnet, or a magnetic magazine, will induce 
dectndty. 

(4.) That the combined action of dectridty and mag- 
netinn, as described in this science, produces a rotatory mo- 
tion of certain kinds of bodies, in a direction pointed out 
by certdn laws. 

(5.) That the periodical variation of the magnetic needle 
from the true meridian, or, in other words, the variation of 
the compass, is caused by the influence of the dectric 
currents. 

(6.) That the magnetic influence is not confined to iron, 
«ted, &c., but that most metals, and many other substances, 
may be converted into temporary magnets by electrical 
acti(Hi. 

(7.) That the magnetic attraction of iron, steel, &c., may 
be prodigiously increased by electrical agency. 

(8.) That the direction of the electric current may, in all 
cases, be ascertained. 

(9.) That magnetism is produced whenever concentrated 
electricity is passed through space. 

(10.) That while in common electrical and magnetic at- 
tractions and repulsions those of the same name are mutu- 
ally repulsive, and those of different names attract each 
other, in the attractions and repulsions of electric currentu it 
is precisely the reverse, the repulsion taking place only 
when the wires are so situated that the currents are in oppo- 
site direction. 

The consideration of the subject of electricity induced h^ 
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nuignetisiD properly belongs to the subject of Magneto-elec- 
tricity, in which connection it will be particnlarly noticed, 

196. The direction of the electric current is ascertained 
by means of the magnetic needle. If a sheet of paper be 
placed over a horse-shoe magnet, and fine black sand^ or 
steel filings, be dropped loosely on the paper, the partides 
will he disposed to arrange themselves in a reg^nlar order, 
and in the direction of carve lines. This is, undoubtedly, 
the effect of some influence, whether that of electricity, or 
of magnetism alone, is not material at present to decide. 

197. A magnet freely suspended tends to assome 
a position at right angles to the direction of a current 
of electricity passing near it. 

1 98. If a wire, which connects the extremities of a voltaic 
battery, be brought over and parallel with a magnetic needle 
at rest, or with its poles properly directed north and south, 
that end of the needle next to the negative pole of the bat- 
tery will move towards the west, whether the wire be on one 
side of the needle or the other, provided only that it be pa- 
rallel with it. 

199. Again, if the connecting wire be lowered on either 
side of the needle, so as to be in the horizontal plane in 
which the needle should move, it will not move in that plane, 
but will have a tendency to revolve in a vertical direction ; 
in which, however, it will be prevented from moving, in con- 
sequence of the attraction of the earth, and the manner in 
which it is suspended. When the wire is to the east of the 
needle, the pole nearest to the negative extremity of the bat- 
tery will be elevated ; and when it is on the west side, that 
pole will be depressed. 

200. If the connecting wire be placed below the plane in 
which the needle moves, and parallel with it, the pole of 
the needle next to the negative end of the wire will move to- 
wards the east, and the attractions and repulsions wiU be the 
reverse of those observed in the former case. 

201. The action of the conducting wire in these cases 
exhibits a remarkable peculiarity. All other known forces 
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exerted between two points act in the direction of a straight 
line connecting these points, and such is the case with 
electric and magnetic actions, separately considered ; but the 
dectric . current exerts its magnetic influence laterally, at 
right angles to its own coarse. Nor does the magnetic pole 
more either directly towards or directly from the conducting. 
wire, bat tends to revolve around it without changing its 
distance. Hence the force must be considered as acting in 
the dhrection of a tangent to the circle in which the magnetic 
pole l^ould move. 

202. The two sides of an anmagnetized steel 
needle will become endued with the north and south 
polarity, if the needle be placed parallel with the con- 
necting M'ire of a voltaic battery, and nearly or quite 
in contact with it. But, if the needle be placed at 
right angles with the connecting wire, it will become 
permanently magnetic ; one of its extremities point- 
ing to the north pole and the other to the south^ when 
it is freely suspended and suffered to vibrate undis- 
turbed. 

203. Magnetism may be communicated to iron and 
steel by means of electricity from an electrical ma- 
chine ; but the effect can be more conveniently 
produced by means of the voltaic battery. This 
phenomenon is called electro^magnetic induction. 

204. A Helix is a spiral line^ or a line wound into 
the shape of a cork-screw. 

205. If a helix be formed of wire, and a bar of 
steel be enclosed within the helix, on applying the 
conducting- wires of the battery to the extremities of 
the helix, the steel bar will immediately become mag- 
netic. The electricity from a common electrical ma- 
chine, when passed through the helix, will produce 
the same effect. 
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206. The wire which forms the heHx shonld be coated 
with some non-conducting substance, such as silk wound 
around it ; as it may then be formed into close coils, with- 
out suffering the electric fluids to pass from surface to sur- 
fiEU%, which would impair its effect. 

207. If such a helix be so placed that it may move freely, 
as when made to float on a basin of water, it will be at- 
tracted and repelled by the opposite poles of a common 
magnet. 

208. If a magnetic needle be surrounded by coiled wire, 
covered with silk, a very minute portion of electricity through 
the wire will cause the needle to deviate from its proper di- 
rection. 

209. A needle thus prepared is called an Electro-mag- 
netic Multiplier. It is, in fact, a very delicate electroscope, or 
rather galvanometer, capable of pointing out the direction of 
the electric current in all cases. 

210. Among the most remarkable of the facts con- 
nected with the science of electro-magnetism is what 
is called the Electro-magnetic rotation. Any wire 
through which a current of electricity is passing has 
a tendency to revolve around a magnetic pole in a 
plane perpendicular to the current, and that without 
reference to the axis of the magnet the pole of which 
is used. In like manner a magnetic pole has a ten- 
dency to revolve around such a wire. 

211. Suppose the wire perpendicular, its upper end positive, 
or attached to the positive pole of the voltaic battery, and its 
lower end negative ; and let the centre of a watch-dial re- 
present the magnetic pole : if it be a north pole, the wire 
will rotate round it in the direction that the hands move ; if 
it be a south pole, the motion will be in the opposite direc- 
tion. From these two, the motions which would take place 
if the wire were inverted, or the pole changed, or made to 
move, may be readily ascertained, since the relation now 
pointed out remains constant. 

2J2. Fig. 24 represents the ingenious apparatus, invented 
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by Mr. Faraday, to illustrate the electro- magnetic rotation, 
llie central pillar supports a piece of thick copper wire, 
wbich on the one side dips into the mercury contained in a 
small glass cup a. To a pin at the bottom of this cup a 
small cylindrical magnet is attached by a thread, so that one 
pole shall rise a little above the surface of the mercury, and 
be at liberty to move around the wire. The bottom of the 
cup is perforated, and has a copper pin passing through it, 
which, touching the mercury on the inside, is also in contact 
with the wire that proceeds outwards, on that side of the 
instrument. On the other 
side of the instrument 5, 
the thick copper wire, 
soon after turning down, 
terminates, but a thinner 
piece of wire forms a 
communication between it 
and the mercury on the 
cap beneath. As free- 
dom of motion is regard. 
fA in the wire, it is made 
to communicate with the 
former by a ball and socket- 
joiiit, the ball being held ^^ 
in th^p socket by a thread ; 
or else the ends are bent into hooks, and the one is then 
hooked to the other. As good metallic contact is required, 
the parts should be amalgamated, and a small drop of mer- 
cury placed between them ; the lower ends of the wire 
should also be amalgamated. Beneath the hanging wire a 
small drcular magnet is fixed in the socket of the cup 6, so 
that one of its poles is a little above the mercury. As in 
the fbrmer cup, a metallic connection is made through the 
bottom, from the mercury to the external wire. 

If now the poles of a battery be connected with the hori- 
^ntal external wire* c c, the current of electricity will be 
through the mercury and the horizontal wire, on the pillar 
which connects them, and it will now be found that the 
movable part of the wire will rotate around the magnetic 





64 ELKCTRICITY. 

pole in the cap b, and the magnetic pole round the fixed wire 
in the other cup a, in the direction before mentioned. 

By using a very delicate apparatus, the magnetic pole of 
the earth may be made to put the wire in motion. 

213. Fig. 25 represents another ingenious contrivance, in- 
vented by M. Ampere, for illustrating the electro>magnetic 
rotation ; and it has the advantage of comprising widiin it- 
self the voltaic combination which is employed. It consists 

PI 25. ^^ * cylinder of copper about two inches high, 
and a little less than two inches internal Ss^" 
meter, within which is a small cylinder, about 
one inch in diameter. The two cylinders are 
connected together by a bottom, having an aper- 

nture in its centre the size of the smaller cylinder, 
leaving a circular cell, which may be filled with 
acid. A piece of strong copper wire is fastened 
across the top of the inner cylinder, and from the 
middle of it rises, at a right angle, a piece of 
copper wire, supporting a very small metal cap, 
containing a few globules of mercury. A cylin- 
der of zinc, open at each end, and about an indi 
and a quarter in diameter, completes the voltaic oomhina* 
tion. To the latter cylinder a wire, bent like an inverted 
U, is soldered at opposite sides ; and in the bend of this 
wire a metallic point is fixed, which, when inserted in the 
little cup of mercury, suspends the zinc cylinder in the cell, 
and allows it a free circular motion. An additional point is 
directed downwards from the central part of the stronger 
wire, which point is adapted to a small hole at the top of 
a powerful bar magnet. When the apparatus with one 
point only is charged with diluted acid, and set on the mag- 
net placed vertically, the zinc cylinder revolves in a direction 
determined by the magnetic pole which is uppermost. With 
two points, the copper revolves in one direction and the 
zinc in a contrary direction. 

214. If, instead of a bar magnet, a Horse-shoe magnet be 
employed, with an apparatus on each pole similar to that 
which has now been described, the cylinders in each will 
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.rtvolve in opposite directions. The small cnps of mercnry 
mentioned in the preceding description are sometimes omitted, 
and the points are inserted in an indentation on the in- 
verted U.* 

215. The «iagnetizing power of the conducting 
wires of a battery is very greatly increased by coiling 
it into a helix, into which the body to be magnetized 
may be inserted. A single circular turn is more 
efficient than a straight wire, and each turn adds to 
the power within a certain limits whether the whole 
forms a single layer, or whether each successive turn 
encloses the previous one. 

216. When a helix of great power is required, it 
is composed of several layers of wire. The wire 
forming the coil must be insulated by being wound 
with cotton, to prevent any lateral passage of the 
current. 

21 7. Fig. 26 represents a helix on a stand. A bar of 
soft iron, N S, being placed within the helix, is connected 
with the battery by means of the screw-cups on the base of 
the stand. The two extremities of the bar instantly become 
strongly magnetic, and keys, or pieces of iron, iron filings, 
nails, &c., will be held up so long as the connection with 
the battery is sustained. But, so soon as the connection is 
broken, the bar loses its magnetic power, and the suspended 
artides will fall. The bar can be made alternately to take 
up and drop such magnetizable articles as are brought near 
it, as the connection with the battery is made or broken. 

.218. A steel bar placed within the helix acquires the 
polarity less readily, but retains it after the connection is 

* The phenomenon of electro-magiietic rotation !• beautifully illuatrated by 
Iff. Davia, in his treatise on Magnetism, to which reference has already been 
made. He has invented and prepared a great variety of ingenious contrivancea 
for the illustration of this subject, and his book should be in the hands of alt 
who desire a thorough acquaintance with all that has been discovered in the 
new department of science, in which magnetism and electricity are combined. 
The author has been indebted to Mr. Davis's volmre for a number of explana- 
tioiis which are incorporated in this work. 
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broken. Snull rods or ban of Red, needlei, &o., nur be 
made poroiineiit mtgneta in this way. 




219. A bar temporarily magnetized by tbe electric 
current ie called an Electro-magnet. 

220. To ascertain the poles of an eleotro-mag"s*i 
it must be observed that ike north pole icill be at tki 
furthest end of the helix when the current cirmlatet in 
the direction of the hands of a watch. 

221. Magnets of prodigious power have been fonned by 
means of voltaic electricity. 

222. An electro -magnet was constructed by Professor 
Henry and Dr. Ten Eyck which was capable of supporting 
a weight of 750 pounds. They have subsequently con- 
atmcted another, which will sustain 2063 ponnda. It 
coneriets of a bar of soft iron, bent into the form of a horse- 
shoe, and wound with twenty-six strands of copper bell-wire, 
covered with cotton threads, each thirty -one feet long; 
about eighteen inches of the ends are left projecting, so thst 
only twenty-eight feet of each actually sarronnd the iroo. 
7^ t^gregate length o! \.\ic cd\\« is therefture 728 feet 
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Fig. 27. 



^Each strand is wound on a little less than an inch ; in the 
middle of the horse-shoe it forms three thicknesses of wire ; 
and on the ends, or near the poles, it is wound so as to 
form six thicknesses. Being connected with a hattery con* 
sisting of plates, containing a little less than forty-eight 
square feet of surface, the magnet supported the prodigious 
weight stated ahove, namely, 2063 pounds. 

223. Hbliacal Kino. 
Fig. 27 represents a he- 
liacal ring, or ring of wire 
bent in the form of a he- 
lix, with the ends of the 
wire left free to be inserted 
in the screw-cups of a 
battery. Two semicircu- 
lar pieces of soft unmag- 
netized iron, furnished 
with rings, — the upper 
one for the hand, the 
lower one for weights, — 
are prepared to be in- 
serted into the helix, in 
the manner of the links 
of a chain. As soon as 
the ends of the helix are 
inserted into the screw- 
cups of the battery, the 
rings will beheld together, 
with great force, by magnetic attraction. 

224. That the attraction is caused, or that the magnetism 
is induced, by the circulation of electricity around the coils, 
may be proved by the following interesting experiment. Hold 
the heliacal ring horizontally over a plate of small nails, and 
■aspend an nnmagnetized bar perpendicularly on the outside 
of the ring, over the nails, and mere will be no attraction. 
Siurpend the bar perpendicularly through the helix, and the 
nails will all attach themselves to it in the form of tangents 
to the cirdes formed by the coils of the heliacal ring. 

' 225. Communication of Magnetism to Steel 6t| Ike EU^ttfi- 
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magnet, — Bars of the U form are most readilf magnetized 
by drawing them from the bend to the extremities, across 
the poles of the U electro-magnet, in such a way that both 
halves of the bar may pass at the same time over the poles 
to which they are applied. This should be re^.eated several 
times, recollecting always to draw the bar iu the same 
direction. 

226. Fig. 28 represents the U electro-magnet, with the 
bar to be magnetized. When the bar is thick, both «ur- 
faces should be drawn across the electro- magnet, keeping 
each half applied to the same pole. To remove the mag- 

i-ig. as. 




netisra, it is only necessary to reverse the process by which 
it was magnetized, that is, to draw the bar across the electro- 
magnet in a contrary direction. 

227. The Electbic Telegraph.* — From the descrip- 
tion which has now been given of the electro-magnetic 
power, it will readily be perceived that a great force can be 
made to act simply by bringing a wire into contact with 
another conductor, and that the force can be instantly 
arrested in its operation by removing the wire from the 
contact ; in other words, that by connecting and discon- 
necting a helix with a battery, a prodigious power can be 
made successively to act and cease to act. Advantage has 

• The word telegraph is compounded of two Greek words, rn\t {tel^^ tlpil- 
fyiagat a dtsianee, and 7pa^u {grapho), to write, ttiat is, to si^rniiy or to write 
at a distance. The word ieletcope is another compoand of the word rtiAc with 
th0 word axowttt, (seopeo)^ to Me,— an Vxi«\,t\imc!iv\ to see ai « diHmee, 
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been taken of this principle in the construction of the elec- 
tric telegraph, which was matured by Ur, Wheatitoac^ eikl 
in Aiueiica b; Profeuor Mone. 

2S8. In the conetruction of the electric telegraph the 
firat object of consideretioo is the development of the agent, 
^e agent is the electric fluid, which ii brought into action 
by a powerful battery. 

229. Rg. 21 representB a battery composed of four cups, 
mi the principle of Grove's battery, each cap contuning a 
Ibick cylinder of zinc, with a porooB cell, two acids, and a 
strip of platinam, as described in No. 134. The diemical 




action of the acida on the zinc generates a powerful current 
of elBctricity towards the ecrew-cups at A B. 

230. The second step in the construction of the telegraph 
is represented by Fig. 30, by which the action of the 
needlea, which are the indications of the signs made, is Bimply 






explained. Take 

paae N W S E. and lay I 

the battery A directly across the 

needle, and pass a current from the 

ziac pole to the copper pole, and 

the needle which points from N to 

8 will immediately be deflected 

from E to W ; remove the wire 

from the battery, or, an it is uauaily 

termed, break the contact, and the 




leedle will return to its 



original position. If the current be made to ^ass froi)\ thft 
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oopper pole to tbe zmc pola, the deflection trf the BMdle will 
be rerened, taking « poiitioii W to £. 

231. A power of moving the magnetic needle in any w&y 
we pleaH having been obtained, it now only remain! to 
make it of practical utility, and tluB haa heen done by the 
iutrameut called the Electric Telegraph. 

232. There have been Beveral modifloationj and imprttV«- 
mentB in the Electric Telegraph Binoe it was fiiat patented by 
Hetm. Cooke and Wheatatone ; but the priimipU qf^ aetio* 
being mainly the same, we have ^ven the one as an illnstra- 
lion of the whole, to avoid ooufugiou and misunderstanding to 
the pupil, 

^- "^ 233. The needle in the Electric Telegraph is 
placed in a vertical position, being more conve- 
nient than a horizontal one ; and it being necessary 
i that its tendency to point northwards should be 
counteracted and its roagnettam unimpaired, the 
following expedient has been adopted. Two 
aeedles are placed on the Mine axis, with the 
north end of one oppcmite to the aouth end of the 
' other, they will by this arrangement counteract 
each other, and yet be equally magnetic. 

234. Fig, 31 is a sectional view of the needles 

suspended. A A are the needles, B the dial-plate, 

I " and C the coils of wire, or helix, within which the 

needle is enclosed, and by which its power of action 

is much iacreaaed. See No. 215. 

235. Fig. 32 is a back view of the 
needle and coils, and A A are the wire of 
the coils in connection with the battery. , 
If the right hand wire of this coil is con- 
nected with the copper end of the battery, 
and the left with the zinc, the needle 
points in one direction, but if the battery 
wires are reversed, the needle moves n 
the opposite direction. Handles are 
attached to the instrument, by which the 
battery communication can be changed 
at pVea&\i>Te. 
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336. Hie electric cnrrent will flow along a line of con- 
diictiug wire bo long aa there is no communicmtioi) with the 
evrth;* the electric currcDt, therefore, deflecting the needle in 
a certain direction in an iustrunient at one place, will detleot 
the needle precisely the same way in another inetrument 
even though the second inatrament be placed at any distance 



Fig. u. 



off, providing the v 
M^ battery ore in con- 
oeotion with the conducting 
Wires. Fig. 33 repreaents 
the Electric Telegraph which 
is mostly in ose in England. 
A A are the needtea, fi B 
the handles regulating the 
ourrejit of electricity. 

237. The telegraphs In 
Americadifier so much from 
those in use in England, 
that we subjoin the follow- 
ing account of that called 
Horse's Telegraph. 

The wires from the battery represented in Fig. 29. to-e 




Flf. «. 



carried to the 
capa in the apparatus 
represented by Fig. 
34, called the signal- 
key, A to A and B to 
B, reapectiTely. It 
will be observed that 
the cupa of the signal- 
key are insulated, and 
that the electric fluid 
can finish its circuit 
only when the finger 
depretaea the koob and makes it come in contac 

• Tb» po«t« upon which the ttiep'pb "if" ire hniwhii\ 
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Fig. 85. 



metallic strip below, thus forming a commanication between 
the screw-caps. The signal-key thus regulates the com* 
pletion of the circuit, and the flow of the current of electri- 
city, at the will of the operator. 

238. The signal-key is made in several forms in the dif- 
ferent telegraphs, and in Fig. 35 is represented in its more 
perfect construction. It consists of a lever, mounted on a 
horizontal axis, with a knob of ivory for the hand at the ex- 
tremity of the long arm, which is at the left in the cnt. 

This lever is thrown 
up by a springs so as 
to avoid contact with 
the button on the 
frame below, except 
when the lever is de- 
pressed for the pur- 
pose of completing 
the circuit. A regulating screw is seen at the extremity of 
the short arm of the lever, which graduates precisely the 
amount of motion of which it is at any time susceptible. 

239. The third and last part of the telegraph is the re- 
gistering apparatus, represented in Fig. 36. 

Here are two screw- cups, for the insertion of the wires from 
a distant battery. An iron in the shape of a U magnet stands 

Fig. 36. 





at the left of the screw-cups, each arm of which is surrounded 
by a helix or coil of wire, tKe ends of which, passing down 
through the stand, are connected below with the screw- cups. 
It will then be seen that when the signal-key is depressed 
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the electric circuit is completed, and that the electricity 
passing through the coils of wire, renders the U-shaped iron 
highly magnetic, and it attracts the armature down. The 
armature is fixed to the shorter arm of a lever, and 
when the shorter arm is attracted down, the longer arm, 
^ith a point affixed, is forced upward, and makes an inden- 
tation upon a strip of paper. The length of the indentation 
on the paper will depend on the length of time that the 
ngnal-key is depressed. When the signal-key is permitted 
again to rise, the electric current is broken, the U-shaped 
iron ceases to be a magnet, and^ the armature being no 
longer attracted, the weight of the longer arm will cause 
that arm to fall, and no mark is made on the paper. 
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ALPHABET. 












NUMERALS. 


a 


n — - 






b 


- - 


1 


. 


C - - - 


P 


2 




d 


q 


3 


. - - — . 


e - 


r - - - 


4 




/--- 


5 - - - 


5 





g — 
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6 




h 


U ' 


7 
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f - - 


t; - 


8 


— _ - — 
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W - - - 


9 


— - - — 


k 


X ' - - 
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y -- -- 






«— 


z 

§•- --- 







240. When the telegraph was first constructed, it was 
thought necessary to have two wires in order to form the 
circuit. It has since been found that the earth itself will 
senre for one-half the circuit, and that one wire will alone 
be necessary to perform the work oi \!bfi \;^<&^ra:^« 
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241. In the preceding explanation the mere outlines 
have been git«D, in order that they may be distinctly nn- 
deratood. To present the atrip of paper bo that it may 
readily receiTe the impresBion, additional machinery be- 
come* necessary. The complete registering machme is 
shown in fig. 37, in which S represents a large spool on 




which the 7>aper is wound, and clock-work with rollers, to 
give the paper a Bteady motion toward the point by which 
the marks ere to be made. A bell is somelimes added, 
which is struck by a, hammer when the lever first begins to 
move, in ordur to draw the attention of the operator. 

242, It will be recollected that this form of the magnetic 
telegraph is fe.niiliarly known as Morse's, the machine 
making nothing but straight marks on the slip of paper. But 
these straight marks may he made long or short, at the 
pleasure of the operator. If the key be pressed down, and 
iostaatiy be permitted to rise, it will make a short line, not 
longer than a hypbeit. ftj av««&« of a conventional al- 
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phabet, in which the letters are expressed by the repetition 
and combination of marks, varying in length, any meesage 
may be conveniently spelt out, so as to be distinctly under- 
Rtood at the distant station. These are the eBsential fea- 
tures of Morse's Telegraph. 

213. It ig aeceBsary, in long lines of telegrapha, to combine 
the effects of sereral batteriee to supply the loss of power in 
traversing long circuitB. This ig done by local batteries or 
relays, as they are somtitimes called, familiarly known in con- 
nection with Morse's Telegraph. The Uie of the relays may 
be dispensed with by increasing the power of the battery, or 
distributing it in groaps along the line. It is sometimes 
divided by arranging one-half at each end of the line. For 
every twenty miles an addition of one of Grore'a pint cups 
should be made. For a line of telegraph extending aronnd 
the earth, twelve hundred Grove's cups would be required, 
distribnted at equal distances. Sfty in a group. 

244. Bain's Tblbgbaph, — The telegraph known by the 
nante of Baih's telegraph, the simplest now in use, differs 

tig. 38. 
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from Mone'n principeUj in its mode of re^stering. It 
performs its work by the decomposition of a saline solution. 
The pen or point is statJonary. A circtitaT tablet, moved 
by clock-work, under the point, receives the point in con- 
centric grooves, and the writing is arranged in spiral lines, 
occupying but little space. 

Fig. 38 represents Baiu'a telegraph. The penholder is 
connected with the positive wire of the battery, and the 
tablet with the negative. The circuit is completed by paper 
moistened with a solution of the yellow prussiatc of potash, 
acidulated with nitric or sulphuric acid. The pen-wire is 
of iron. Wheu the circuit is completed, the solution attacks 
the pen, dissolves a portion of its iron, and forms the colour 
known as Prussian blue, which sttuns the paper. The al- 
phabet used by this line is the same in principle as that used 
m the telegraph of Morse. Tiie advantage of this telegraph 
consists in the rapidity with which the disks at both ends 
are made to revolve, by which a message may be commu- 
nicated at the rate of a thousand letters in a minute. 



245. The call com- 
monly used in connec- 
tion withj Bain's tele- 
graph is represented io 
Fig. 39. It consists of 
a U magnet, each arm 
surrounded by a heli.i of 
wires, which, when the 
current passes, causes the 
armature to be attracted 
and give motion to ma- 
chinery, by which a bel! 
or a glass is rung. 



246, FW. 40 represents the receiving maignet in 
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improYed form. The armature is mounted on an upright 
bar, directly before Fig- -io. 

the poles of the U 
magnet, which is 
surrounded by many 
coils of insulated 
wire. In this mag- 
net the points oi 
contact are pre- 
served from oxidation 
by the use of pla- 
tinum. 

247. House's Printing Telegraph. — ^This telegraph 
differs from the other principally in its printing with great 
rapidity the letters which form the message. 

248. Fig. 41 represents the mechanical part ot House's 
telegraph. The operator sits at a key- board, similar to 

Fig:. 41. 





that of a pianoforte or organ, and, by depressmg a key, the 
letter corresponding with the key is made to appear at a 
little window at the top of the instrument, while it is at the 
same time printed on a strip of paper below. The princiyle 
by which this exceedingly ingenious oi^^T«.\i\aiv*\^ '^«vVst\sv'i.^ 
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is simply this : — A given number of electrical impulses are 
given for each letter. These impulses give motion to a 
wheel, 80 that on the depression of a key the circuit will be 
broken at precisely the point which corresponds with the 
letter. The machinery by which this is effected is neces- 
sarily complicated, and it falls not within the provmoe of 
this work to go further into the explanation. 

249. The Electrical Fibb Alabm. — The principle of the 
electric telegraph has recently been applied to a very inge- 
nious piece of mechanism, by which an alarm of fire may be 
almost instantly communicated to every part of a large city. 
Wires, extending from the towers of the principal pubfic 
buildings in whicu large bells are suspended, unite at a cen- 
tral point, where the operator is in constant attendance. On 
an alarm of fire in any locality, the watch or police of the 
district goes to a small box, kept in a conspicuous place, which 
he opens, and makes a telegraphic communication to the cen- 
tral operator, who, immediately recognizing the signal and 
the district from which it came, gives the alarm, by making 
each bell in connection with the telegraph strike the number 
corresponding with the district in which the alarm conamenced. 
By this means the alarm is communicated simultaneously to 
all parts of the city. This ingenious application of scientific 
principles has been in successful operation in the city of 
jBoston, U.S., long enough to prove its great value. 

250. The Atmosphrric Telegraph. — ^An ingenious ap- 
paratus, called ""The Atmospheric Telegraphy^ has recently been 
constructed byMr.T. S. Richardson, of Boston, U.S., designed 
to send packages through continuous tubes by means of 
atmospheric pressure. An air-tight tube being laid between 
two places, either under or above ground, a piston, called 
by Mr, R. a plunger, is accurately fitted to its bore, behind 
which the package designed to be sent is attached. The 
air having been exhausted from the tube by engines at the 
opposite end, the pressure of the atmosphere will drive the 
piston, or plunger, with its load, forward to its proposed 
destination. 

This ingenious application of atmospheric pressure ope- 

rates with entire success m tVve model, and has been succesj- 

fuliy tested in tubes that Yiav^ \i^eti\3b\^\a ^^ extent of a 
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mile. Patents have been secured for the invention in France, 
and other coantries of Europe, as well as in this country 
and America ; and a company has been formed for testing 
the principle between the cities of Boston and New York. 
The air is to be exhausted from the tubes by means of 
steam-engines, and there are to be intermediate stations 
between those two cities. 

251. The Elbctrottpb Process. — This process, known 
by the various names electrotype, electro plating and gilding, 
galvanotype, galvano-plastic, electro-plastic and electro- 
metallurgy, is a process by which a coating of one metal 
18 made to adhere to and take the form of another metal, by 
electrical agency. 

252. It is a process purely chemical and electrical, and the 
consideration of the subject pertains more properly to tlie 
science of Chemistry. As this volimie has not professed to 
pursue a rigid classification, it may not be amiss to give this 
orief notice of the process. 

253. It consists in subjecting a chemical solution of one 
metal to electrical action with another m0t&\, A solution of 
a salt or oxide, having a metallic base, forms part of the 
electric circuit, and, by the electrical action, the oxygen or 
acid will be drawn to the positive end of the circuit, while 
the pure metal will be forced to the negative pole, where it 
will either combine with the metal or adhere to it, taking 
its exact form. The thickness of the coating of the pure 
metal will depend on the length of time that the body to be 
coated is subjected to the combined action, chemical and 
electrical. Hence a mere film or solid crust may be attached 
to any conducting substance. 

When a substance not in itself a conductor is to be coated, 
it must first be made a conductor by covering its surface 
with some substance which will impart the conducting 
power. This is usually efiected by means of finely-powdered 
black lead. 

254. When a part only of a body is to be coated by the 
electrotype process, the parts which are to remain uncoated 
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must previou&ly be protected by means of a thin covering 
of wax, tallow, or some other non-conducting substance. 

266. Magneto-electricity. — Magneto-eleotricitj 
treats of the development of electricity by magnetisiii. 

266. Electric currents are excited in a condactor 
of electricity by magnetic changes taking place in its 
vicinity. Thus, the movement of a magnet near a 
metallic wire^ or near an iron bar enclosed in a wire 
coil; occasions currents in the wire. 

257. When an armature, or any piece of soft iron, is 
brought into contact with one or both the poles of a mag- 
net, it becomes itself magnetic by induction, and by its 
reaction adds to the power of the magnet: on the contrary, 
when removed from the contact, it diminishes the power of 
the magnet, and these alternate changes in its magnetic 
state induce a current of electricity. 

258. The most powerful effects are obtained by causing 
a bar of soft iron, inclosed in a helix, to revolve by mechaid' 
cal means near the poles of a steel magnet. As the iron 
approaches the poles in its revolution, it becomes magnetic ; 
as it recedes from them, its magnetism disappears ; and this 
alternation of magnetic states causes the flow of a current 
of electricity, which may be directed in its course to screw- 
cups, from which it may be received by means of wires con- 
nected with the cups. 

259. The Magneto-electric Machine. — Fig. 42 re- 
presents the magneto-electric machine, in which an armature, 
bent twice at right angles, is made to revolve rapidly in 
front of the poles of a compound steel magnet of the U 
form. The U magnet, whose north pole is seen at N, is 
fixed in a horizontal position, with its poles as near the ends 
of the armature as will allow the latter to rotate without 
coming into contact with them. The armature is mounted 
on an axis, extending from the piUar P to a small pillar 
between the poles of the magnet. Each of its legs is en- 
closed in a helix of fine insulated wire. The upper part of 
the pUhr F slides orer the lower part, and can be fastened 
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m «ny position by a binding screw. In thia way the band 
connectinif the two wheeb may be tightened at pleasure, by 
iwffBMing the distance between them. This arrangement 
«I»o renders the machine more portable. By means of the 
mnltiplying-wheel W, which is connected by a band with a 
smdl wheel on the axis, the armature is made to revolve 
rapidly, so that the magnetism induced in it by the steel 
magnet is alternately destroyed and renewed in a reverse 
dirTCtiwi to the previous one. When the legs of the arma- 




ture are approaching the magnet, the one opposite the north 
pole acquires south polarity, and the other north polarity. 
The magnetic power is greatest while the armature is paiiS' 
ing in front of the poles. It gradually diminishes 'as the 
armature leaves this position, and nearly disappears when it 
stands at right angles with the magnet. As each leg of 
the armature approaches the other pole of the U magnet, 
by the continuance of the motion magnetism is again in- 
duced in it, but in the reverse direction to the previous one. 
These changes in the magnetic state of the armature excite 
electric currents in the surrounding helices, powerful in pro- 
portion to the rapidity with which the magnetic changes are 
produced. 
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360. Shocks may thus be obtained from tbe machine, and, 
if the motion is very rapid, in a powerful machine the torrent 
of shocks becomes insupportable — the muscles of the hands 
which ^asp the handles are involuntarily contracted, so that 
it is impossible to loosen the hold. The shocks, however, are 
instant^ suspended by brinfring the metallic handles into 
contact. 

261. Thermo-electricity. — Thermo-electricity 
expresses a form of electricity developed by the 
agency of heat. 

262. In the year 1822, Professor Seebeck, of Berlin, dis- 
covered that currents of electricity might be produced by 
the partial application of heat to a circuit composed exclu- 
sively of solid conductors. The electrical current thus 
excited has been termed T^henno-electric (from the Greek 
Thermos, which signifies heat), to distinguish it from the 
common galvanic current ; which, as it requires the inter- 
vention of K fluid element, was denominated a Hydro-electric 
current. The term Stereo-electric current has also been 
applied to the former, in order to mark its being produced 
in systems formed of solid bodies alone. It is evident that 
if, as is supposed in the theory of Ampere, magnets owe 
their peculiar properties to the continual circulation of elec- 
tric currents in their minute parts, these currents will come 
under the description of the stereo- electric currents. 

263. From the views of electricity which have now been 
given, it appears that there are, strictly speaking, three states 
of electricity. That derived from the common electrical 
machine is in the highest degree of tension, and accumulates 
until it is able to force its way through the air, which is a 
perfect non-conductor. In the galvanic apparatus the cur- 
rents have a smaller degree of tension ; because, although 
they pass freely through the metallic elements, they meet 
with some impediment in traversing the fluid conductor. 
But in the thermo-electric currents the tension is reduced to 
nothing ; because, throughout the whole course of the 
circuit, no impediment exists to its free and uniform circu- 

htion. 
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264. If the junction of two dissimilar metals be heated, 
an electrical current will flow from the one to the other. 

265. Instead of two diflerent metals, one metal in different 
conditions can be used to excite the current. 

266. Metals differ greatly in their power to excite a 
current when associated in thermo-electric pairs. A current 
may be excited with two wires of the same metal, by heating 
the end of one, and bringing it into contact with the other. 
This experiment is most successful when metals are used 
that have the lowest conducting power of heat. 

267. Thermo-electric batteries have been constructed 
vrith sufficient power to give shocks and sparks, and produce 
various magnetic phenomena, indicative of great magnetic 
power ; but the limits of this treatise will not allow a further 
consideration of the subject. 
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*^* The figures at the end of each question refer to the number of the 
section from which the answer is to be derived. 



1. What is Electricity ? 1. 

2. What are its simplest effects ? 2. 

3. What are the electrical divisions of all substances ? 5. 

4. What are the prevailing theories of electricity ? 7. 

5. How may electricity be excited? 9. 

6. What is meant by a Conductor and a Non-Conductor of elec- 

tricity ? 10. 

7. When is a conductor said to be insulated ? 14. 

8. How is a conductor charged ? 17. 

9. What is the grand reservoir of electricity ? 18. 

10. What is the simplest mode of exciting electricity ? 19. 

11. What is meant by Vitreous and Resinous electricity? 20. 

12. What are the effects when a body is charged with either kind 

of electricity ? 21. 

13. What is the effect when two bodies oppositely electrified are 

mtited? 23. 

14. What is the law of electrical attraction and repulsion .' 24. 

15. What is the Leyden jar ? 26. 

16. Explain Fig. 1, 26. 

17. When ajar is charged, where is the electricity? 27. 

18. What is an Electrical Battery? 28. 

19. What is the jointed discharger? 29. 

20. Explain Fig. 2, 29. 

21. Where must a body be placed, in order to receive a charge of 

electricity ? 30. 

22. What effect have sharp metallic points ? 31. 

23. How may a Leyden )ai oi battery be silently discharged ? 32. 
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24. On VfheA, principle are lightning-rods constructed ? 33. 

25. What is meant by Electricity by Induction ? 34. 

26. What is Electricity by Transfer ? 36. 

27. What is an Electrical Machine, and on what principle is it con 

structed? 3f. 

28. Explain Fig. 3, 39. 

29. Explain the operation of the Electrical Machine, 40. 

30. What is an Electrometer, and on what principle is it con« 

structed? 41. 

31. Describe Bennett's Electroscope, 48. 

32. How is the Lcydeu jar charged ? 49. 

33. Describe Fig. 5, 54. 

34. Explain Fig. 6, 57. 

35. Explain Fig. 7, 63. 

36. Explain what Fig. 8 represents, 64. 

37. Explain Fig. 9, 66. 

38. Explain Fig. 10, 67. 

39. Describe the Electrical Sportsman, G8. 

40. Explain Fig. 12, 70. 

41. Describe Fig. 13, 75. 

42. What is lightning and thunder ? 77. 

43. What is supposed to be the cause of the northern lights } 7S. 

44. What are the best kinds of lightning-rods ? 88. 

45. What are Comparatively safe and unsafe positions during a 

thunder-storm ? 94. 

46. What are the Electrical Animals ? 96. 

47. What is Galvanism } 98. 

48. How does galvanism differ from frictional electricity ? 100. 

49. What is the difference in the effects of frictional and chemical 

electricity? 101. 

50. What is most sensitive to the galvanic fluid ? 102. 

51. How is the galvanic fluid excited ? 103. 

52. What is essential to produce galvanic action ? 107. 

53. How are the conductors of galvanism divided ? 108. 

54. What kind of acid must be employed in galvanism ? 109. 

55. What is a law of chemical action ? 1 10. 

56. What is necessary in order to excite galvanic action } 111. 

57. Of what is the simplest galvanic circle composed ? J 12. 

58. What is the usual process for obtaining galvanic electricity } 

113. 

59. Explain Fig. 14, 114. 

60. What are the essential parts of a galvanic circle ? 115. 

61. Where must a substance be placed to be affected by galvanic 

action? 115. 

62. How may galvanic action be increased ? 1 1 7. 

63. What is the Voltaic pUe? 119. 
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64. Explain Fig. 15, 120. 

65. What is the galvanic battery ? 122. 

6G. What is the direction of the current in the galvanic battery ? 
123. 

67. Explain Fig. 16, 124. 

68. How can a compound battery of great power be obtained ? 125. 

69. Describe the Couronne des tasses, 126. 

70. Describe Smee's Battery, 128. 

71. Explain Fig. 19, 129. 

72. Describe the sulphate of copper battery bv Figures 20 and 21, 

130. 

73. Describe the protected sulphate of copper battery, 133. 

74. Describe Grove's battery, 134. 

75. What are the effects of a powerful voltaic battery ? 135. 

76. How are the hands protected when using a battery ? 137. 

77. In what respects does the electricity produced by the galvanic 

battery differ from that obtained by the machine ? 138. 

78. Which will develope the greater quantity of electricity, the gal- 

vanic battery or the machine? 139. 

79. How are attraction and repulsion manifested in the galvanic 

battery.' 141. 

80. On what does the effect of the voltaic battery depend ? 142. 

81. Mention some of the familiar effects of galvanism, 143. 

82. On what does the power of a battery to produce heat and to 

affect the animal system respectivelv depend.' 144. 

83. What is a Calorimotor ? 145. 

84. What is magnetism .' 147. 

85. What are the two kinds of magnets ? 151. 

86. What is a permanent magnet } 153. 

87. Which is the more useful, the permanent or the artificial 

magnet? 154. 

88. What are the properties of a magnet ? 156. 

89. What is the polarity of a magnet ? 157. 

90. How will a magnet move when freely suspended ? 159. 

91. What are the magnetic poles ? 160. 

92. How are magnets supported ? 161. 

93. What is the law of magnetic attraction and repulsion ? 1 62. 

94. To what bodies are the magnetic properties most easily com- 

municated ? 165. 

95. What are permanent magnets ? 166. 

96. What effect has the use of a magnet on its power ? 167. 

97. What is a horse-shoe or U magnet? 168. 
9H. What follows when a magnet is divided ? 170. 

99. In what do magnetism and electricity resemble each other? 
172. 
J 00. What effect has heat on a magnet ? 173. 
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101. What other causes will affect the polarity of a magnet ? 174. 

102. What is the effect of a double magnet ? 175. 

103. What is meant by the ** dipping*' of a magnet, and how is it 

corrected ? 176. 

104. In what direction does a magnet point when freely suspended ? 

178. 

105. What gift has the science of Magnetism bestowed on naviga- 

tion? 180. 
105.*What is the Mariner's Compass ? 180. 

106. Of what use has the mariner's compass been } 184. 

107. Which pole of a magnet is the njore powerful ? 185. 

108. How are artificial magnets made ? 187. 

109. How is a magnetic magazine constructed ? 189. 

110. How should a horse-shoe magnet be kept ? 191. 
m. What is electro-magnetism .' 192. 

112. What is the difference between electricity and electro-mag- 

netism ? 194. 

113. What are the principal facts of electro-magnetism ? 195. 

114. How is the direction of a current of electricity ascertained ? 

196. 

115. How will a freely-suspended magnet place itself in relation to 

the electrical current ? 197. 

116. How does the electro-magnetic current act ? 201. 

117. What effect has a voltaic battery on unmagnetized steel.' 202. 

118. To what may magnetism be communicated by the voltaic bat- 

tery, and what is the process called ? 203. 

119. What is a Helix ? 204. 

120. What use is made of a helix in connection with the battery ? 

205. 

121. And what must first be done with the wire of the helix } 206. 

122. What is an Electro-magnetic Multiplier.' 209. 

123. What is meant by the Electro-magnetic Rotation ^ 210. 

124. Explain Fig. 24, 212. 

125. Explain Fig. 25, 213. 

126. How is the magnetizing power of the battery increased ? 215. 

127. How is a helix of great power obtained? 216. 

128. Explain Fig. 26, 217. 

129. What is an Electro-magnet ? 219. 

130. How can the poles of an electro-magnet be discriminated ? 220. 

131. What was the power of the electro-magnets constructed by 

Professor Henry and Dr. Ten Eyck ? 222. 

132. Explain Fig. 27, 223. 

133. How are horse-shoe magnets most readily made? 225. 

134. Explain Fig. 28, 226. 

135. On what fundamental principle is the Electric Telegraph con- 

structed? 227. 
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136. Whose discoTeries rendered the magnetic telegraph possible ? 

227. 

137. What is the agent in the electric telegraph ? 228. 

138. Explain Fig. 29, 229. 

139. Explain Fig. 30, 230. 

140. Explain Fig. 31, 234. 

141. Explain Fig. 32, 235. 

142. Explain Fig. 33, 236. 

143. Expbiin Fig. 34. 237. 

144. Explain Fig. 85, 238. 

145. Explain Fig. 36, 239. 

146. Explain Fig. 38, 244. 

147. Explain Fig. 39, 245. 

148. Explain Fig. 40^ 246. 

149. Explain Fig, 41, 248. 

150. What is Magneto-electricity ? 255. 

151. How is Magneto-electricity developed? 256. 

152. How are the most powerful effects of Magneto-electricity ob- 

tained > 258. 

153. Explain Fig. 42, 259. 

154. What is Thermo-electricity? 261. 



THE END. 
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ASTEONOMY. 



1. Astronomy. — Astronomy treats of the hea- 
venly bodies, the sun^ moon, planets, stars and 
comets, and of the earth as a member of the solar 
system. 

2. The study of astronomy necessarily involves an ac- 
quaintance witii mathematics, but there are many interesting 
facts, which have been fully established by distinguished as- 
tronomers, which ought to be familiar to those who have 
neither the opportunity nor the leisure to pursue the subject 
by the fdd of mathematical light. To such the following 
brief notice of the subject will not be devoid of interest. 

3. Some of the most distinguished men who have contri- 
buted to the great mass of facts and laws which make up the 
science of AsiTonomy,were Hipparchus, Ptolemy, i^thagoras, 
Copernicus, Tycho Brahe, Gti,lileo, Kepler, and Newton. 
The present century has added to this list many others whose 
fame will descend to posterity with great lustre. 

4. Hipparchus is usually considered the father of Astro- 
nomy. He was bom at Nicsea, and died about a hundred 
and twenty-five years before the Christian era. He divided 
the heavens into constellations, twelve in the ecliptic, twenty- 
one in the northern, and sixteen in the southern hemisphere, 
and gave names to all the stars. 

He discovered the difference of the intervals between the 
yemal and autunmal equinoxes, and, likewise, by viewing a 
tree on a plain, and noticing its apparent position from dif- 
ferent places of observation, he was led to the discovery of the 
parallax of the heavenly bodies ; that is, the difference be- 
tween their real and apparent position, viewed from the 
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centre and fi^m the stirface of the earth. He determined 
longitude and latitude, fixing the first degree of longitude at 
the Canaries. 

5. Ptolemy flourished in the second century of the Christian 
era. He was a native of Alexandria, or Pelusium. In his 
system he placed the earth in the centre of the universe, — a 
doctrine universally adopted and believed until the sixteenth 
century, when it was confuted and rejected by Copernicus. 
Ptolemy gave an account of the fixed stars, and computed the 
latitude and longitude of one thousand and twenty- two of 
them. 

6. Pythagoras was bom at Samos, and his death is sup- 
posed to have taken place about five hundred years before me 
Christian era. He supposed the sun to be the centre of the 
universe, and that the planets revolved around him in ellip- 
tical orbits. This doctrine, however, was deemed absurd, 
until it was established by Copernicus in the sixteenth 
century. 

7. Tycho Brahe, a Danish astronomer, flourished about the 
middle of the sixteenth century. His astronomical system 
was singular and absurd, but the science is indebted to him 
for a more correct catalogue of the fixed stars, and for dis- 
coveries respecting the motions of the moon and the comets, 
the refraction of the rays of light, and for many other im- 
portant improvements. To him, also, was Kepler indebted 
for the principal facts which were the basis of his astronomical 
labours. 

8. Copernicus was born in Prussia, in the latter part of 
the fifteenth century. He revived the system of Pythagoras, 
which placed the sun in the centre of the system. He taught 
the true doctrine that the apparent motion of the heavenly 
bodies is caused by the real motion of the earth. But for 
nearly a century after the publication of his system, he gained 
but few followers. 

9. Galileo, a native of Pisa, flourished in the latter part of 
the sixteenth century. By his observation of the planets 
Venus and Mars, he gained a decisive victory for the Coper- 
nican system. He was persecuted and imprisoned by the in- 
quisition for holding what was thought, in that &se of igno- 
rance and superstition, to be heretical opinions, and compiled 
on his knees to abjure the truths which he had discoverea, and 
which he had too much sense to disbelieve. 
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10. Xepler, who, from his great discoveries, is called the 
legislator of the heavens, was a native ofWirtemberg, in 157 1. 
A.vailing himself of the observations of Tycho Brahe, he dis- 
covered three great laws, known as Kepler's laws of the 
planetary motions, and on tliem were founded the disco- 
veries of Newton, as well as the whole modern theory of 
theplanets. 

iepler's laws could not have been discovered but for the 
observations of Tycho Brahe (as Kepler was not himself an 
observer), and no further discoveries could have been made 
than Kepler made but for the telescope of Galileo. It has 
elsewhere been stated that Gralileo was indebted to Jansen, of 
Holland, for \,he idea of the telescope. But, isince the days 
of Galileo, the telescope has been most wonderfully improved, 
and invested with almost inconceivable powers. ELerschel 
computed that the power of his telescope was so great as to 
penetrate a space through which light (moving with the pro* 
digious velocity of 200,000 miles in a second of time) would 
require 350,000 years to reach us. But the great teles- 
cope of Lord Bosse would probably reach an object ten times 
more remote. 

11. Sir Isaac Wewton, who has been called the Creator 
of Natural Philosophy, was born in Lincolnshire, in 
1642. His discovery of the universal law of gravitation, and 
many other valuable and important contributions which he 
made to science, place him among the foremost of those to 
Fhom the world is indebted for an insight into the magni- 
ficent displays of the material world. 

12. According to the system of Astronomy which 
is now universally adopted, the sun is the centre of a 
system of heavenly bodies, called planets, which re- 
v^olve around him as a centre. 

Secondly. The earth is one of these planets. 

Thirdly. That some of these planets are attended 
by satellites or moons, which revolve around their 
respective planets, and with them around the sun. 

Fourthly. That the size, the distance, and the 
rapidity of the motion of each of these planets, ia 
known to be different. 
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Fifthly. The stars are all of them suns^ with 
systems of their own, and probably many, if not all 
of them, having planets with their moons revolving 
around them as centres. 

Sixthly. That there is a central point of the uni- 
verse, around which all systems revolve. 

13. Op the Solar System. — By the Solar Sys- 
tem is meant the sun and all the heavenly bodies i 
which revolve around it. These are the planets with | 
their satellites or moons, our earth with its moon, 
together with an unknown number of comets. 

14. Of the Primary Planets. — Those bodies 
which revolve around the sun, without revolving at 
the same time around some other central body, are 
called Primary Planets. 

15. For many years the planets were considered to be 
six in number only, and they were all, except our earth, 
named after the gods of heathen mythology, — Mercury, 
Venus, Earth, Mars, Jupiter, and Saturn. To these ¥rere 
added another, discovered by Dr. Herschel in the year 
1781, to which the name of Uranus has been given; and 
in the year 1846 an eighth was discovered, to which the 
name of Le Verrier was at first given, from a distinguished 
French astronomer, by means of whom it was pointed out. 
It is now known by the name of Neptune. 

16. Besides these primary planets, it was discovered, 
between the 3^ ears 1800 and 1807, that between Mars and 
Jupiter there were four smaller planets, of such diminutive 
size, compared with the others, that they were called Aste- 
roids. Since the year 1845 no fewer than twenty more 
have been discovered, so that there are now known to be 
no fewer than twenty-four asteroids, or minor planets, be- 
tween the orbits of Mars and Jupiter. 

17. Thk Minor Planets. — ^The foUowmg is a catalogue 
of the minor planets at present known, arranged in the order 
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of their discovery, together with the other known planets of 
our solar system : 



Name and Number by 
which the Jl^inor Planets 
are known. 

Sun. 

Mercury. 
Vbnus. 
Thb Earth. 
Mars. 

1. Ceres 

2. PallM 

3. Juno 

4. Vesta 

5. Astrea 

6. Hebe 

7. Iris 

8. Flow 

9. Metis 

10. Hygeia 

11. Parthenope 

12. Victoria 

1.3. Egeria 

14. Irene 

15. Ennomia 

16. Psyche 

17. Thetis 

18. Melpomene 

19. Fortuna 

20. Massilia 

21 . Lutetia 

22. Calliope 

23. Urania 

24. Phocea 

Jupiter. 

Saturn. 

Hbrschel 

Nbftunb 



Date of Discovery. 



1801.. Jan. ].... 
1802. . March 28 
1804. . Sept. 1 . . 
1807.. March 29 
1845.. Dec. 8 .. 
1847.. July 1.... 
1847.. Aug. 13 .. 
1847.. Oct. 18 .. 
1848 Aprir26.. 
1849.. April 12.. 
I860.. May 11 .. 
1850.. Sept. 13.. 

1850.. Nov. 2 

1851. .May 19 .. 
1851.. July 29 .. 
1852.. March 17 
1852.. April 17.. 
1852.. June 24 .. 
1852.. August 22 
1852.. Sept. 19.. 
1852.. Nov. 15 .. 
1852.. Nov. 16 .. 
1852. . Dec. 15 . . 
1853 



1781 

1846. . Sept. 23 . . 



Names of Discoverers. 



Piazzii of Sicily. 

Olbers, of Bremen. 

Harding. 

Olbers. 

Hencke, of Germany. 

Hencke. 

Hind, of London. 

Hind. 

Graham, of Ireland. 

De Gasparis, of Naples. 

De Gasparis. 

Hind. 

De Gasparis. 

Hind. 

De Gasparis. 

De Gasparis. 

Luther, of Germany. 

Hind. 

Hind. 

De Gasparis. 

Goldschmidt, of Gennany. 

Hind. 

Hind. 

Chacomac, of MarseiUes. 



Sir William Herschel. 
Dr.Galle,of Berlin,by direc- 
tion of Le Verrier,of Paris. 



18. The name planet properly means a wandering 
star^ and was given to this class of the heavenly 
bodies because they are constantly moving, while 
those bodies which are called fixed stars preserve their 
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relative positions. The planets may likewise be dis- 
tinguished from the fixed stars by the eye by their 
steady light, while the fixed stars, on the contrary, 
appear to twinkle. • 

19. The san, the moon^ the planets and the fixed stars^ 
which appear to us so small, are supposed to be large worlds, 
of various sizes, and at difierent but immense distances from 
us. The reason that they appear to us so small is, that on 
account of their immense distances they are seen under a 
small angle of vision. 

20. It has been stated, in the early pages of this book, 
that everi/ portion of matter is attracted by every other por- 
tion, and that the force of the attraction depends upon the 
quantity of matter and the distance. As attraction is mutual, 
we find that all of the heavenly bodies attract the earth ; 
and the earth, likewise, attracts all of the heavenly bodies. 
It has been proved that a body when actuated by several 
forces will not obey either one^ but will move in a direction 
between them. It is so with the heavenly bodies ; each one 
of them is attracted by every other one ; and these attrac- 
tions are so nicely balanced by creative wisdom, tbat, instead 
of rushing together in one mass, they are caused to move in 
regular paths (called orbits) around a central body, which, 
being attracted in different directions by the bodies which 
revolve around it, will itself revolve around the centre of 
gravity of the system. Thus, the sun is the centre of what 
is called the solar system, and the planets revolve around it 
in different times, at different distances, and with different 
velocities. 

21. The paths or courses in which the planets 
move around the sun are called their orbits. 

All of the heavenly bodies move in conic sections,* namely^ 
the circle, the ellipse, the parabola and the hyperbola. 

22. In obedience to the universal law of gravita- 

* Conic sections are curvilinear fig^ures, so called because they can all be 

formed by cutting" a cone in certain directions. If a cone be cut perpeudicalir 

to its axis, tbe surface cut will he. a circle. If cut oblique to the axia, the sur- 

face cat will be an ellipte. If cut parallel to tbe slope of the cone, the section 

win be a parabola. If cut pavaHleX to Wia «m,X\i<& section will be an hjfperbola. 
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lion, the planets revolve around the sun as the centre 
of their system ; and the time that each one takes to 
perform an entire revolution is called its year. Thus, 
the planet Mercury revolves around the sun in 87 of 
our days ; hence a year on that planet is equal to 87 
days. The planet Venus revolves around the sun in 
224 days ; that is, therefore, the length of the year 
of that planet. Our earth revolves around the sun 
in about 365 days and 6 hours. Our year, therefore, 
is of tliat length. 

23. The length of time that each planet takes in perform- 
ing its revolution around the sun, or, in other words, the 
length of the year on each planet, is as follows. (Thefrac- 
tional parts of the dwy a/re omitted,^ In the same connection 
will also be found the mean distance of each planet from the 
sun, and the time of revolution around its axis ; or, in other 
words, the length of the day on each. 





Length of the 
Year in Days. 


Mean Distance from 

the Sun in miUions 

of Miles. 


Length of the 
Day in Hours 
and Minutes. 


Mkkcurt ...... 


87 


39 


24 5' 


Vbnus 


224 


66^ 


23 20' 


Earth 


3G5 


95 


23 56' 


Mars 


686 


152 


24 39' 


1 . Ceres 


1681 . 






2. Pallas 


1686 1 
1592 






.3. Juno 


^ 




4. Vesta 


1325 






5. Astrea \ 








6 Hebe 








7. Iris 








8. Flora 






22 


9. Metis 


Between 1400 


About 266 




10. Hygeia .... 

11. Parthenope.. 

12. Victoria .... 


and 1800 






13 Egeria 

14. Irene 

15. Ennomia.. ../ 




• 










16. Psyche .... 


i 1,848 ) 
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Lengfth of the 
Year in Day«. 


Mean Distance fronot 

the Sun in millions 

of Miles. 


Length of the 
Day in Hours 
and Minutes. 


17. Thetis 


1426 \ 




» 


18. Melpomene .. 


1269 






19. Fortuna 


1393 






20. MassiUa .... 


1280 


About 266 




21. Lutetia .... 


1400 






22. Calliope .... 


1816 






23. Thalia 


1627 






24. Phocea .... 


/ 






JUPITBR 


4332 


494 


9 65' 


Saturn 


10759 


950 


10 16' 


Hbrschbl 


30686 


1862 




Nbftunb 




3586 





The Sun turns on its axis in about 25 days and JO hours. 

24. There is a very remarkable law, discovered by Pro- 
fessor Bode, founded, it is true, on do known mathematical 
principle, but which has been found to accord so exactly 
with other calculations, that it is recognized as Bode's law 
for estimating the distances of the planets from the sun. 
Thus: 

Write the arithmetical progression, 

0, 3, 6, 12, 24, 48. 96. 192, 384. 

To each of the series add 4, and we have the sums, 
4, 7, 10, 16. 28, 52, 100, 196, 388, 
which will represent very nearly the comparative distance of 
each planet. Now the distance of the earth from the sun is 
95 millions of miles, and as that distance is represented in 
the progression by 10, it follows that the distance of Mer- 
cury is ^ of 95 millions, of Venus -j^^, &c. 

25. It is to be observed, however, that before the dis- 
covery of the minor planets there was a very remarkable 
interval between the planets Mars and Jupiter, and that 
Bode's law, which seemed to accord with the distance of all 
the other planets, appeared here to fail in its application. 
Kepler had suspected that an undiscovered planet existed 
in the interval ; but it was not certainly known until a 
number of distinguished observers assembled at Lilienthal, 
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in Saxony, in 1800, among whom was Piazzi, of Palermo, 
resolved to direct their observations especially to that part 
of the heavens where the unknown planet was supposed to 
be. The result of the labours of these observers, and others 
who have followed them, has been the discovery of the 
twenty-four minor planets, all situated between the planets 
Mars and Jupiter. But these minor planets are so small, 
and their paths or orbits vary so little, that it has been 
conjectured that they originally formed one large and re- 
splendent orb, which, by the operation of some unknown 
cause, has exploded and formed the minor planets, that 
revolve in orbits very near that of the original planet. 

26. Eight of these small bodies, which are quite invisible 
without the aid of a good telescope, were discovered by Mr. 
Hind, of Mr. Bishop s private observatory, Begent's Park, 
London ; six by De Gasparis, of Naples ; two by Olbers, of 
Bremen ; two oy Hencke, of Driessen, Germany ; one each 
by Piazzi, of Palermo ; by Harding, of Lilienthal, Germanv ; 
Gridiam, at Mr. Cooper's private observatory, Markree Castile, 
Ireland ; Luther, at Bilk, Germany ; Golaschmidt, at Paris, 
and Chacomac, at Marseilles. 

27. The paths or orbits of the planets are not 
exactly circular, but elliptical. They are^ therefore, 
sometimes nearer to the sun than at others. The 
mean distance is the medium between their greatest 
and least distance. Those planets which are nearer 
to the sun than the earth are called inferior planets, 
because their orbits are within that of the earth ; and 
those whicli are further from the sun are called su- 
perior planets^ because their orbits are outside that of 
the earth. 

28. The relative size of the sun, the moon, and the 
larger planets, as expressed by the length of their 
diameters, is as follows : 



Sun, 877,547. 
Moon, 2,180. 
Mercury, 2,984. 



Mars, 4,222. 
Jupiter, 86,265. * 

Saturn, 81,954. 
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Venud, 7,621. 
Earth, 7,924. 



Uranus, 34,363. 
NeptuDe, . 



29. The size of the minor planets has heen so variously 
estimated, that little reliance can be placed on the calcola- 
tions. Some astronomers estimate them as a little over 
1000 miles, while others place them mach below that 
standard. Vesta has been described as presenting a pure 
white light ; Juno, of a reddish tinge, and with a cloudy 
atmosphere ; Pallas is also stated as having a dense, cloudy 
atmosphere ; and Ceres, as of a ruddy colour. These four 
undergo various changes in appearance, and but little id 
known of any of them, except their distance and time of 
revolution. 

30. Fig. 1 is a representation of the comparative size of 
the larger planets. 

Fiff. 1. 




Skncfut 



Sir J. F. W. Herschel gives the foUowinff illustration of 
the comparative size and distance of the bodies of the solar 
system. " On a well-levelled field place a pflobe two feet in 
diameter, to represent the Sun ; Mercury will be represented 
by a grain of mustard-seed, on the circumference of a oirola 
164 feet in diameter for its orbit ; Venus, a pea, on a circle 
284 feet in diameter ; the Earth, also a pea, on a circle of 430 
feet ; Mars, a rather large pin's head, on a circle of 654 feet ; 
Juno, Ceres, Vesta, and Pallas, grains of sand, in orbits of 
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from 1000 to 1200 feet ; Jupiter, a moderate-«used oranf^e, in 
a circle nearly half a mile in diameter ; Saturn, a small orange, 
on a circle or four-fifths of a mile in diameter ; and Herschel, 
a fullosiaed cherry, or small plum, upon the circumference of 
a circle more than a mile ana a half m diameter. 

'* To imitate the motions of the planets in the above-men- 
tioned orbits, Mercury must describe its own diameter in 41 
aeconds ; Yenus, in 4 minutes and 14 seconds j the Earth, in 
7 minutes ; Mars, in 4 minutes and 48 seconds ; Jupiter, in 
2 hours, 66 minutes ; Saturn, in 3 hours, 13 minutes ; and 
Herschel, in 12 hours, 16 minutes.*' 

31. The Ecliptic is the apparent path of the sun, 
or the real path of the earth. 

It is called tlie ecliptic, because every eclipse, 
whether of the sun or the moon, must be upon it. 

32. The Zodiac is a space or belt, sixteen degrees 
broad, eight degrees eacn side of the ecliptic. 

It is called the zodiac from a Greek word, which 
signifies an animal, because all the stars in the 
twelve parts into which the ancients divided it were 
formed into constellations, and most of the twelve 
constellations were called after some animal. 

33. Sir J. E. W. Herschel, in his excellent treatise on As- 
tronomy, says : *' Uncouth figures and outlines of men and 
monsters are usuaUy scribbled over celestial globes and maps, 
and serve, in a rude and barbarous way, to enable us to talk of 
eroups of stars, or districts in the heavens, by names which, 
uiough absurd or puerile in their origin, have obtained a 
currency from which it would be difficult, and perhaps wrong, 
to dislodge them. In so far as they have really (as some 
have) any sHght resemblance to the figures called up in ima- 
gination oy a view of the more splendid ' constellations,' they 
nave a certain convenience ; but as they are otherwise entirely 
arbitrary, and correspond to no natural subdivisions or 
groupings of the stars, astronomers treat them lightly, or al- 
together disregard them, except for briefly naming remarkable 
stars, as ' Alpha Leonis,' * Beta Scorpit,* &o., by letters of 
the Greek alphabet attached to them. 

** This disregard is neither supercilious nor causeless. The 
oonstellations seem to have been almost purposely named and 
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delineated, to cause as much confusion and inconTenienoe asi 
possible. Innumerable snakes twine through long and con> 
torted areas of the heayens, where no memory can follow 
them ; bears, lions, and fishes, large and small, northern and 
southern, confuse all nomenclature, Sui. A better system of 
constellations might have been a material help as an artificial 
memory." 

34. The zodiac is divided into twelve signs, each 
sign containing thirty degrees of the great celestial 
circle. The names of these signs are sometimes given 
in Latin, and sometimes in English. They are 
as follows : 



Latin. Englith. 

(1) Aries, The Ham. 

(2) Taurus. The Bull. 

(3) Gemini, The Twins. 

(4) Cancer, The Crab. 
(.5) Leo, The Lion. 
(6) Virgo, The Virgin. 



Latin. En((lish. 

(7) Libra, The Balance. 

(8) Scorpio, The Scorpion. 

(9) Sagittarius, The Archer. 

(10) Capricornus, The Goat. 

( 1 1 ) A quarius, The Water-bearer. 

(12) Pisces, The Fishes. 

35. The signs of the zodiac and the various bodies of 
the solar system are often represented, in almanacks and 
astronomical works, by signs or characters. 

In the following list the characters of the planets, &c., 
are represented. 



^ Ceres. 

$ Pallaa. 

7/ Jupiter. 

y^ Saturn. 



The Sun. © The Earth. 

([ The Moon, g Mars. 

5 Mercury. g Vesta. 

J Venus, '^ Juno. 

1^ Herschd. 

The following characters represent the signs of the Zodiac. 

T Aries. Q Leo. f Sagittarius. 

Taurus. trp Virgo. Yf Capricornus. 

n Gemini. £^ Libra. rr Aquarius. 

S Cancer. v\ Scorpio. K Piscea. 

From an inspection of Fig. 2, it appears that when the 
earth, as seen from the %xm, \ft in any particular constellatioD, 
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the son, aa viewed from the earth, will appear in the oppo- 
site one. 

36. The constellations of the zodiac do not now retain 
their original names. £^h constellation is ahout 30 de- 
grees eastward of the sign of the same name. For example, 
the constellation Aries is 30 degrees eastward of the sign 
Aries, and the constellation Taurus 30 degrees eastward of 
the sig^ Taurus, and so on. Thus the sign Aries lies in the 
constellation Pisces ; the sign Taurus, in the constellation 
Aries ; the sign Gemini, in the constellation Taurus, and so 
on. Hence the importance of distinguishing hetween the 
signs of the zodiac and the constellations of the zodiac. The 
cause of the difference is the precession of the equinoxes, a 
phenomenon which will be explained in its proper connection. 

37. The orbits of the other planets are inclined to 
that of the earth : or, in other words, they are not in 
the same plane. 

Fig. 2 represents an oblique view of the plane of the 
ecliptic, the orbits of all the primary planets, and of the 
comet of 1680. That part of each orbit which is above 
the plane is shewn by a white line ; that which is below it, 
by a dark line. That part of the orbit of each planet where 
it crosses the ecliptic, or, in other words, where the white 
and dark lines in the figure meet, is called the node of 
the planet, from the Latin nodus, a knot or tie. 

38. Fig. 3 represents a section of the plane of the ecliptic, 
showing the inclination of the orbits of the planets. As the 
zodiac extends only eight degrees on each side of the 
ecliptic, it appears^ from the figure that the orbits of some of 
the planets are wholly in the zodiac, while those of others 
rise above and descend below it. Thus the orbits of Juno, 
Ceres, and Pallas, rise above, while those of all the other 
planets are confined to the zodiac. 

39. When a planet or heavenly body is in that 
part of its orbit which appears to be near any par- 
ticular constellation, it is said to be in that con- 
stellation. 




^ k/p. 
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Thus, in Fig. 10, the comet of 1680 appears to approach 
the sun from the constellation Leo. 

40. The perihelion''^ and aphelion* of a heaven! j 
body express its situation with regard to the sun. 
When a body is nearest to the sun, it is said to be in 
its perihelion. When furthest from the sun, it is 
said to be in its aphelion. 

41. The earth is three millions of miles nearer to 
the sun in its perihelion than in its aphelion. 

The apogee* and perigee* of a heavenly body ex- 
press its situation with regard to the earth. When 
the body is nearest to the earthy it is said to be in 
perigee ; when it is furthest from the earthy it is said 
to be in apogee. 

42. The perihelia of the planets are in the following signs 
of the zodiac : Mercury in Samttcvrivst — Yenus in ApuMritu 
— the Earth in Caprieamus, Mars in Virgo, — Yesta m Can- 
eer, — Jimoin Scorpio, — Ceres in Pisces, — 'PaUoBm Aquarius, 
— Jupiter in Xt^o,— -Saturn in Ciiqniearmut and the GeoT' 
gium Sidus in Aries, 

43. When a planet is so nearly on a line with the 
earth and the sun as to pass between them, it is said 
to be in its inferior conjunction ; when behind the 
sun, it is said to be in its superior conjunction ; but 
when behind the earth, it is said to be in opposition. 

44. The axes of the planets, in their revolution 
around the sun, are not perpendicular to their orbits, 
nor to the plane of the ecliptic, but are in'clined in 
different degrees. 

45. This is one of the most remarkable circum- 

* The pinral of PeriKeUon is Periktitta, rad of ApheU&n it ApMia. The 
words perih^Um, aphelion, 0pogee, and pirigee, tre derived from the Greek 
language, and have the following meaning : 

Perihelion . near the ran. 

Aphelion, ^om the snn. 

Perigee, near the earth. 

i^pogee, firom the earth. 



u 
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staneefl in the science of Astronomy, because it b 
the canse of the different seasons, spring, summer, 
autamn and winter ; and because it is also the cause 
of the difference in the length of the days and nights 
in the different parts of the world, and at the different 
seasons of the year. 

46. The motion of the hearenly bodies is not uni- 
form. They move with the greatest velocity when 
tbey are in periheUon, or in that part of their Qrbit 
which is nearest to the sun ; and eloweet when » 
aphelion. 

47. It has been proved by Kepler, that when a 
body moves around a point to which it is attracted, a 
line drawn from the point to the body passes over or 
describes equal areas in eqial times. This line is 
called the radwu-vector. This is one of Kepler's 
great laws. 

In Fig. 4 let S represent the son, and E die earth, and 
the ellipse or oral Im 
the eulb's orbit, or 
path aroand the sun. 
By lines drawn from 
the taa at S to the 
outer edge of thefignre, 
the orbit is divided 
into twelve areas of 
different Bhapea, but 
each containing the 
tame qnantity of space. 
Thus, the spaces E S 
A, A S B, D S F, &c., 
are all auppoaed to be 
eqaal. Now, if the 
earth in the epece of 
one month will mora 
in its orbit from £ to 
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A, it win in another month move from A to B, and in the 
third month from B to C, &c., and thus will describe equal 
areas in equal times. 

The rea^n why the earth (or any other heavenly body) 
moves with a greater degree of velocity in its perihelion than 
in its aphelion may likewise be explained by the same figure. 
Thus:— 

The earth, in its progress from F to L, being constantli/ 
urged forward by the sun*s attraction, must (as is the case 
with a falling body) move with an accelerated motion. At 
Li, the sun's attraction becomes stronger, on account of the 
nearness of the earth ; and consequently in its motion from 
L to E the earth will move with greater rapidity. At £, 
which is the perihelion of the earth, it acquires its greatest 
velocity. Let us now detain it at E, merely to consider the 
direction of the forces by which it is urged. If the sun's 
attraction could be destroyed, the force which has carried 
it from L to E would carry it off in the dotted line from E 
to G, which is a tangent to its orbit. But, while the earth 
has this tendency to move towards G, the sun's attraction is 
continually operating with a tendency to carry it to S. Now, 
when a body is urged by two forces, it will move between 
them ; but, as the sun's attraction is constantly exerted, the 
direction of the earth's motion will not be in a straight line, 
the diagonal of one large parallelogram, but through the 
diagonal of a number of infinitely small parallelograms ; 
which, being united, form the curve line E A. 

It is thus seen that while the earth is moving from L to 
TSi the attraction of the sun is stronger than in any other part 
of its orbit, and will cause the earth to move rapidly. But 
in its motion from E to A, from A to B, from B to C, and 
from C to F, the attraction of the sun, operating in an op- 
site direction, will cause its motion from the sun to be re- 
tarded, until, at F, the direction of its motion is reversed, 
and it begins again to approach the sun. Thus it appears 
that in its passage from the perihelion to the aphelion the 
motion of the earth, as well as that of all the heavenly 
bodies^ must be constantly retarded, while in moving from 
their aphelion to perihelion it is constantly accelerated, and 
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at their perihelion the velocity will be the greatest. The 
earth, therefore, is about Keven days longer in performinf 
the aphelion part of its orbit than in traversing the peri- 
helion part; and the revolution of all the other planets, 
being the result of the same cause, is affected i& the same 
manner as that of the earth. 

48. The other two great laws discovered by Kepler, 
on which the discoveries of Newton, as well as the 
whole modern theory of the planets, are based, are — 

49. (1.) That the planets do not move in circles, 
but in ellipses, of which the sun is one of the foci. 

50. (2.) In the motion of the planets the squares 
of the times of revolution are as the cubes of the 
mean distances from the sun. 

It was by this law that, in the want of other means, 
the distance of the planet Herscbel from the sun 
was estimated. 

51. The earth is about three millions of miles 
nearer to the sun in winter than in summer. The 
heat of summer, therefore, cannot be caused by the 
near approach of the earth to the sun. 

Snow and ice never melt on the tops of high mountains ; 
and they who have ascended in the atmosphere in balloons 
have found that the cold increases as they rise. 

52. On account of the inclination of the earth's 
axis, the rays of the sun fall more or less obliquely 
on different parts of the earth's surface at different 
seasons of the year. The heat is always the 
greatest when the sun's rays fall vertically ; and the 
more obliquely they fall, the less heat they appear to 
possess. 

This is the reason why the days are hottest in summer, 
oithough the earth is further from the sun at that time. 

53, Fig, 5 represents VIhe mvuxi^T v\ which the rays of 
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the ran &11 upon the earth in aumtner and in winter. Thn 
north pole of the earth, at all eeaeons, coDstantly points to 
the north star N ; and, wheu the earth is nearest to the 
aan, the rays from the sun foil aa indicated by W in the 
figure ; and, as their direction is very oblique, and they have 
Tig. i. 




a large portion of the atmosphere to traverge, much of their 
power IB lost. Hence we have cold weather when the earth 
is nearest to the sun. But when the earth is in aphelion the 
rays fall almoBt Tertically or perpend icularlv, as represented 
hy 8 in ihe figure ; and, although the earth is then nearly 
three millions of miles further from the son, the heat it 
^eate«t, because the rays fall more directly, and have a less 
portion of the atmosphere to traverse. 

"niis may be more familiarly explained by comparing 
■ammer rays to a ball or stone thrown directly at an object, 
•6 as to strike it with all its force ; and winter rays to the 
same ball or stone thrown obliquely, bo as merely to grag4 
the object. • 

54. For a similar reason, we find, even in sommer, that 
early in the morning and late in the afternoon it is muck 
cooler than at noon, because the sun then shines more ob- 
liquely. The heat ia generally the greatest at abont tht«ft 
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o'clock in the afternoon ; becaase the earth retains its heat 
for 8ome leng^ of time, and the additional heat it is con- 
stantly receiving from the sun caases an elevation of tem- 
perature, even after the rays begin to fall more obliquely. 

55. It is the same cause which occasions the variety of 
climate in different parts of the earth. The sun always 
shines in a direction nearly perpendicular, or vertical, on 
the equator, and with different degrees of obliquity on the 
other parts of the earth. For this reason, the greatest degree 
of heat prevails at the equator during the whole year. 
The further any place is situated from the equator, the 
more obliquely will the rays fall at different seasons of the 
year, and consequently, the greater will be the difference 
in the temperature. 

56. If the axis of the earth were perpendicular to its 
orbit, those parts of the earth which lie under the equa- 
tor would be constantly opposite to the sun ; and, as in that 
case, the sun would, at all times of the year, be vertical, to 
those places equally distant from both poles, so the light 
and heat of the sun would be dispersed with perfect uni- 
fbrmity towards each pole ; we should have no variety of 
seasons ; day and night would be of the same length, and 
the heat of the sun would be of the same intensity every 
day throughout the year. 

57. It isy therefore^ as has been stated^ owing to 

the inclination of the earth's axis that we have the 

agreeable variety of the seasons, days and nights of 

different lengths, and that wiselp- ordered variety of 

cUmate which causes so great a variety of productions^ 

and which has afforded so powerful a stimulus to human 

industry. 

58. The wisdom of Providence is frequently displayed in 
apparent inconaiatencies. Thus, the -very circumstance, 
which, to the short-sighted philosopher, appears to have 
thrown an insurmountable barrier between the scattered por- 
tions of the human race» has been wisel^r ordered to establish 
an interchange of blessings, and to bring the ends of the 
earth in communion. Were the same productions found in 
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erer7 re^on of the earth, iha gtimulus to exertion would 
be weakened, and the wide field of hiuoan l&bour would be 
greatlj diiniiuahed. It ia our mutu&l aantt which bind uc 
together. 

59. In order to understand the illuBtration of the cantes 
of the Beasons, &c., it is necesBOry to have some knowledge 
of the circles which are drawn on the artificial representa* 
tioDB of the earth. It is to be remembered that all of these 
drclee are wholly imaginary ; that ie, that there are on the 
earth itself no auch circles or lines. They are drawn on 
maps merely foi the purpose of iUustratiDD. 

60. Fig, 6 represents the earth. N S ia the axis, or 
imaginary line, around which it daily turns ; N is the north 
pole, S ia the south pole. These 
poles, it will be seen, are the ex- 
tremities of the axis N S. CD 
represents the equator, which is a 
circle around the earth, at an 
equal diatance from each pole. 
The curved lines proceeding 
from N to S are meridians. They 
are all circles surrounding the 
earth, and passing through the 
poles. These meridians may be ninltiplied at pleasure. 

The lines E F, I K, L M, and G H, are designed to 
represent drcles all of them parallel to the equator, and for 
this reason they are called parallels of latitude. These alto 
may be multiplied at pleasure. 

But in the figure these hnes, which are parallel to the 
equator, and which are at a certain distance from it, have a 
different name, derived from tlie manner in which the sun's 
rays fall on the surface of the earth. 

Thus the circle I K, 23^ degrees from the equator, is 
called the tropic of Cancer, and the circle L M is called Qie 
tropic of Capricorn. The circle E F is called the ArcWo 
Circle. It represents the limit of perpetual day when it ia 
summer in the northern hemisphere, imd of perpetual ni^t 
when it is winter. 
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On the 2l8t of March the rays of the enn fall vertically 
on the equator, and on each succeeding day on places a 
Kttle to the north, until the 2l8t of June, when tiiiey fall 
vertically on places 23^ degrees north of the equator. Their 
vertical direction then turns back again towards the equator, 
where the rays again fall vertically on the 23d of September) 
and, on the succeeding days, a little to the south, until the 
21st of December, when they fall vertically on the places 
23^ south of the equator. Their vertical direction then 
again turns towards the equator. Hence the circles I K 
and L M are called the tropics of Cancer and Capricorn. 
The word tropic is derived from a word which signifies to 
turn. The tropics, therefore, are the boundaries of the 
sun's apparent path north and south of the equator, or the 
lines at which the sun turns back. 

The circle G H is the Antarctic Circle, and represents 
the limit of perpetual day and night in the southern hemis- 
phere. The line L K represents the circle of the ecliptic, 
which, as has already been stated, is the apparent path of 
the sun, or the real path of the earth. This circle, although 
it is generally drawn on the terrestrial globe, is, in reality, 
a circle in the heavens, and differs from the zodiac only in 
its Yiridth, — the zodiac extending eight degrees on each side 
of the ecliptic. 

61. Fig 7 represents the manner in which the sun shines 
on the earth in different parts of its orbit ; or, in other 
words, the cause of the change in the seasons. S repre- 
sents the sun, and the dotted oval, or ellipse, A B C D, the 
orbit df the earth. The outer drcle represents the zodiac, 
with the position of the twielve signs or constellations. On 
the 2l8t of June, when the earth is at D, the whole northern 
polar region is continually in the light of the snn. As it 
turns on its axis, therefore, it will be. day to. all the parts 
which are exposed to the light of the sun. But. as the 
whole of the Antarctic circlei is within the line of perpetual 
darkness, the sun can shine on no part of it. It- wUl, there- 
fore, be constant night to all places within that carble. As 
the whole of the Arctic circle is within the line of perpetual 
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light, no part of that circle will be turned from the sua 

Fig:. 7. 




ylrhile the earth tarns on its axis. To all places, therefore^ 
>nthin the Arctic circle, it will be constant day. 

On the 22nd of September, wheii the earth is at C, its 
ixis is neither inclined to nor from the sun, but is sidewise ; 
ktid, of coQTse, while one-half of the earth, from pole to 
x>\e, is enlightened, the other half is in darkness, as would 
>e the case u its axis were perpendicular to the plane of its 
>rbit ; and it is this which causes the days and nights of this 
iea6on of the year to be of equal length. 

On the 2»3d of December the earth has progressed in its 
>rbit to B, which causes the whole space within the 
lorthem polar circle to be continually in darkness, and more 
>f that part of the earth north of the equator to be in the 
fhade than in the light of the sun. Hence» Q\i \k^ ^V^ ^ 
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December, at all places north of the eqaator the days are 
shorter than the nights, and at all places south of the equa- 
tor the days are longer than the nights. Hence, idso, 
within the Arctic circle it is uninterrupted night, the sun 
not shining at all ; and within the Antarctic circle it is un- 
interrupted day, the sun shining all the time. 

On the 20th of March, the earth has advanced still fur- 
ther, and is at A, which causes its axis, and the leng^ of 
the days and nights, to be the same as on the 20th of 
September. 

62. From the explanation of Fig. 7, it appears that 
there are two parts of its orbit in which the days and nights 
are equal all over the earth. These points are in the sign of 
Aries and Libra, which are therefore called the equinoxes. 
Aries is the vernal (or spring) equinox, and Libra the au- 
tumnal equinox. 

63. There are also two other points, called solstices^ 
because the sun appears to stafid at the same height in the 
heavens in the middle of the day for several days. These 
points are in the signs Cancer and Capricorn. Cancer la . 
called the summer solstice, and Capricorn the winter solstice. 

64. Day and night are caused by the rotation of the earth 
on its axis every 24 hours. It is day to that side of the 
earth which is towards the sun, and night to the opposite 
side. The length of the days is in proportion to the incli- 
nation of the axis of the earth towards the sun. It may be 
seen, by the above figure, that in summer the axis is most 
inclined towards the sun, and then the days are the longest. 
As the north pole becomes less inclined, the days shorten, 
till on the 2 1st of December it is inclined 23^ degrees ^osi 
the sun, when the days are the shortest. Thus, as the 
earth progresses in its orbit, after the days are the shortest, 
it changes its inclination towards the sun, till it is again in- 
clined as in the longest days in the summer. ' 

65. As the difference in the length of the days and the 

nig-hts, and the change of the seasons, &c., on the earth, is 

caused by the inclinalion of the earth's axis, it follows that all 

the planets whose axea are\nc\\ik^dL\£i\)iSX.«x^erienoe ^e same 
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vicissitude, and that it must be in proportion to the degree 
of the inclination of their axes. As the &iis of the planet 
Jupiter is nearly perpendicular to its orbit, it follows that 
there can be little variation in the leng^ of the days and 
little change in the seasons of that planet. 

66. There can be little doubt that the sun, the planets, 
stars, &o., are all of them inhabited ; and, although it may be 
thought liiat some of them, on account of their immense dis- 
tance from the sun, experience a great want of light and heat, 
while others are so near, and the heat consequently so great, 
that water cannot remain on them in a fluid state, yet, as we 
see, even on our own earth, that creatures of different natures 
live in different elements, — as, for instance, fishes in water, 
animals in air, &c., — creative wisdom could, undoubtedly, 
adapt the being to its situation, and with as little exertion of 
power form a race whose nature should be adapted to the 
nearest or the most remote of the heavenly bodies, as was re- 
quired to adapt the fowls to the air, or the fishes to the sea. 

67. Op the Sun. — The Sun is a spherical body, 
situated near the centre of gravity of the system of 
plaifets of which our earth is one. 

68. Its diameter is 877,547 English miles, which 
is equal to 100 diameters of the earth ; and, as spheres 
are to each other in the proportion of the cuipe of 
their respective diameters, therefore his cubic magni- 
tude must exceed that of the earth one million of 
times. It revolves around its axis in 25 days and 10 
hours. This has been ascertained by means of several 
dark spots which have been seen with telescopes on 
its surface. 

69. Dr. Herscliel supposed the greater number of 
spots on the sun to be mountains ; some of which he 
estimated to be 300 miles in height. 

70. It is probable that the sun,"*^ like all the other 
heavenly bodies (excepting, perhaps, comets), is in- 

* Id almanacs the tun it usually represented by a small circle. 
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habited by beings whose nature is adapted to their 
peculiar circumstances. 

71. Although t>y some the sm; is sopposed to be 
an immense ball of fire, on account cf the effects pro- 
duced at a distance of ninety-five millions of miles^ 
yet many facts show that heat is produced by the 
8un*s rays only when they act on a suitable medium. 
Thus, snow and ice remain during the year on the 
tops of the highest mountains^ even in climates where 
the cold of our winters is never known. 

72. The zodiacal light is a aiiigular phenmnenim, accom- 
panying the 8un. It is a fiunt li^t» which often appears to 
stream up from the sun a little after saneet and b^re eun- 
rise. It appears nearly in the form of a cone, its sides being 
somewhat curved, and generally but ill definei. It extends 
often from 50® to 100*^ in the heavois, and always nearly iu 
the direction of the plane of the ecliptic. It is moat distinct 
about the beginning of March, but is constantly visible in the 
torrid zone. The cause of this phenomenon is not known. 

73. The sun, as viewed from the different i^aneta, appears 
of different sizes according to their respective distances. 
Fig. 8 affords a comparative view of his apparent magnitude, 
as seen from all except the last twenty of the minor planets. 

74. Of Mercury. — Mercury is the nearest planet 
to the sun^ and is seldom seen ; becaase his vicinity 
to the sun occasions his being lost in the brilliancy of 
the sun's rays. 

75. The heat of this planet is so great that water 
cannot exist there, except in a state of vapour, and 
metals would be melted. The intensity of the sun's 
heat, which is in the same proportion as its light, is 
seven times greater in Mercury than on the earth, so 
that water there would be carried off in the shape of 
steam ; for, by experiments made with a thermo- 
meter, it appears that a heat seven times greater 
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than that of the bud's beams in summer will miiko 
water boil. 




Apparent UigniCude of the ^nUKen from tbtPboiti. 

76. Mercury, altliough in appearance only a small 
Mar, emits a bright while light, by which it may be 
recognized when seen. It appears a little before the 
Bun rises, aad again a little after sunset ; but, as its 
angular distoDce (rota the sas never exceeds twenty- 
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three degrees, it is never to be seen lone^er than one 
hour and fifW minutes afler sunset^ nor longer than 
that time berore the sun rises. 

77. When viewed through a good telescope, Mer- 
cury appears with all the various phases, or increase 
and decrease of light, with which we view the moon, 
except that it never appears quite full, because its 
enlightened side is turned directly towards the earth 
only when the planet is so near the sun as to be lost 
to our sight in its beams. Like that of the moon, 
the crescent or enlightened side of Mercury is always 
towards the sun. As no spots are commonly visible 
on the disk, the time of its rotation on its axis is 
unknown. 

78. Of Venus. — Venus, the second planet in order 
from the sun, is the nearest to the earth, and on that 
account appears to be the largest and most beautiful 
of all the planets. During a part of the year iM^ses 
before the sun, and it is then called the morning star ; 
during another part of the year it rises after the sun, 
and it is then called the evening star. The heat and 
light at Venus are nearly double what they are at 
the earth. 

79. By the ancient poets Venus was called Phosphor, or 
Ijucifer, when it appeared to the west of the sun, at which 
time it is mominfr star, and ushers in the light of day ; and 
Hesperus, or Vesper, when eastward of the sun, or evening 
star. 

80. Venus, like Mercury, presents to us all the 
appearances of increase and decrease of light commou 
to the moon. Spots are also sometimes seen on its 
surface, like those on the sun. By reason of the 
great brilliancy of this planet, it may sometimes be 
seen even in the day-time by the naked eye. But 
it ia never seen late at rngVl^X^^^ssAx^e its angular dis^ 



OP THE EARTH. 37 

tance from the sun never exceeds forty-five degrees. 
In the absence of the moon it will cast a shadow 
behind an opaque body, 

81. Both Mercury and Venus sometimes pass 
directly between the sun and the earth. As their 
illuminated surface is towards the sun, their dark 
side is presented to the earthy and they appear like 
dark spots on the sun's disk. This is called the 
transit of these planets. 

82. The reason why we cannot see the stars and planets 
in the day-time is, that their light is so faint compared with 
the light of the sun reflected by our atmosphere. 

83. Op the Earth. — ^The Earth on which we 
live is the next planet in the solar system, in the 
order of distance^ to Venus. It is a large globe or 
ball, nearly eight thousand miles in diameter, and 
about twenty-five thousand miles in circumference. 
It is known to be round, — jirsty because it casts a 
circular shadow, which is seen on the moon during 
an eclipse ; secondly y because the upper parts of dis- 
tant objects on its surface can be seen at the greatest 
distance; thirdly^ it has been circumnavigated. It 
is situated in the midst of the heavenly bodies which 
we see around us at night, and forms one of the 
number of those bodies; and it belongs to that 
system which, having the sun for its centre, and 
being influenced by its attraction, is called the solar 
system. 

It is not a perfect sphere, but its figure is that of 
an oblate y)heroid^ the equatorial diameter being 
about twenty-six miles longer than its polar diameter. 

It is attended by one moon, the diameter of which 
is about two thousand miles. Its mean distance from 
the earth is about 240,000 miles, and it turns on its 
axis in precisely the same time that it |[)erforms u& 
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revolution round the earth ; namely, in twenty-nine 
days and a half. 

84. The earth, when viewed from the moon, ex- 
hibits precisely the same phases that the moon does 
to us, bat in opposite order. When the moon is fall 
to us, the earth will be dark to the inhabitants * of 
the moon ; and when the moon is dark to as, the 
earth will be full to them. The earth appears to 
them about thirteen times larger than the moon 
does to ns. As the moon, however, always presents 
nearly the same side to the earth, there is one-half 
of the moon which we never see, and from which 
the earth cannot be seen. 

86. As this book may possibly incite the inquirv how it ia 
that the astronomer is able to measure the size and distances 
of those immense bodies the consideration of which forms 
the subject of Astronomy, the process will here be described 
by which the diameter of the earth may be ascertained. 

86. All circles, as has already been stated, are divided into 
360 degrees, and, by means of instruments prepared for the 
purpose, the number of degrees in any arc or part of a circle 
can be correctly ascertained. Let us now suppose that an 
observer, standing upon any fixed point, should notice the 
position of a particular star, — the north or polar star, for 
instance. Let him then advance from his station, and travel 
towards the north, until he has brought the star exactly one 
degree higlier over his head. Let him then measure the dis* 
tance over which he has travelled between the two points of 
observation, and that distance will be exactly the length of 
one degree of the earth's circumference. Let him multiply 
that distance by 360, and it will give him the circumference 
of the earth. Having thus found the circumference, the dia- 
meter may readily be found by the common rules of arith- 
metic. 

This calculation is based on the supposition that the earth 
is a perfect sphere, which is not the case, the equatorial din- 

* This observation should be qualified by the condition that the moon it 
inhabited, Aithouj;h there is abundant reason for the belief that the planets 
are *' the green abode* of liftV \\ieT« are many reasons to believe tWtiie 
aaoon, in its present atnte, m n^XYiei \u\A\yv\ft^x»yc\taSEAuble. 
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meter being about twenty-six miles longer than the polar. 
But it is sumciently near the truth for the present purpose. 
The design of this work not admitting rigid mathematical 
demonstration, this instance of the commencement ot a calcu- 
lation is given merely to show that what the astronomer 
and the mathematician tell us, wonderful as it may appear, is 
neither bare assertion, nor unfounded conjecture. 

87. It has been stated that the earth revolves upon ita 
axis every day. Now, as the earth is about 25,000 miles 
in circumference, it follows that the inhabitants of the 
equator are carried around this whole distance in about 
twenty-four hours, and every hour they are thus carried 
through space in the direction of the diurnal motion of the 
earth at the rate of ^th of 25,000 miles, which is more 
than 1000 mfles in an hour. 

88. But this is not all. Every inhabitant travels with 
the earth though its immense orbit, the diameter of which 
is about 96 millions of miles, or through a space of more 
than 286 millions of miles every year. This will give him, 
at the same time, a motion of more than 20,000 miles in an 
hour in a different direction. If the question be asked, 
why each individual is not sensible of these tremendously 
rapid motions ? the answer is, that no one ever knew what it 
is to be without them. We cannot be sensible that we 
have moved without feeling our motion, as when in a boat a 
current takes us in one direction, while a gentle wind car- 
ries us, at the- same time, in another direction. It is only 
when our prog^ress is arrested by obstacles of some kind 
that we can perceive the difference between a state of 
motion and a state of rest. 

89. The rapid motion of a thousand miles in an hour is 
not sufficient to overcome the centripetal forced caused by 
gravity ; but, if the earth should revolve around its axis 
seventeen times in a day, instead of once, all bodies at the 
equator would be lifted up, and the attraction of gravitation 
would be counterbalanced, if not wholly overcome. 

90. Certain irregularities in the orbit of the earth have 
been noticed by astronomers, which. v&iQi^ >SdiASl Sx Sa^ ^ab^^ 
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viating from its elliptical form, and approaching that of a 
circle. In this fact, it has been thooght, might be seen the 
seeds of decay. But Laplace has demonstrated that these 
irregularities proceed from causes which^ in the lapse of im- 
mensely long periods^ counterbalance each other, and give 
the assurance that there is no other limit to the present 
order of the universe than the will of its great Creator. 

91. Of Mars. — Next to the earth is the planet 
Mars. It is conspicuous for its fiery-red appear- 
ance, which is supposed to be caused by a very dense 
atmosphere. 

When this planet approaches any of the fixed 
stars, they change their colour, grow diip^ and often 
become totally invisible. This is supposed to be 
caused by his atmosphere. The degree of heat and 
light at Mars is less thaivhalf of that received by the 
earth. 

92. Of the Minor Planets. — It has already been 
mentioned that between the orbits of Mars and Jupiter 
twenty-four small bodies have been discovered, which are 
called the mmor planets. It is a remarkable fact, that 
before the discovery of fiode's law (see No. 13) certain ir- 
regularities observed in the motions of the old planets in- 
duced some astronomers to suppose that a planet existed 
between the orbits of Mars and Jupiter. The opinion has 
been advanced that these small bodies originally composed 
one larger one, which, by some unknown force or convul- 
sion, burst asunder. This opinion is maintained with much 
ingenuity and plausibility by Dr. Brewster, in the Edin^ 
burgh Encyclopaedia, Art. Astronomy. Dr. Brewster 
further supposes that the bursting of this planet may have 
occasioned the phenomena of meteoric stones ; that is, stones 
which have ^len on the earth from the atmosphere. 

93. Of Jupiter. — Jupiter is the lai^est planet of 
the solar system, and l\\e most brilliant, except 
Venns. The heat and \\^\\X. «x ^vy^\\.«s «re about 
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tvrenty-five times less than that at the earth. This 
planet is attended by four moons, or satellites, the sha- 
dows of some of which are occasionally visible apon 
his surface. 

94. The distance of those satellites from the planet are 
two, four, six, and twelve hundred thousand miles nearly. 

The nearest revolves around the planet in less than two 
days ; the next, in less than four days ; the third, in less 
than eight days ; and the fourth, in about sixteen days. 

These four moons must afford considerable light to the 
inhabitants of the planet ; for the nearest appears to them 
four times the size of our moon, the second about the same 
size, the third somewhat less, and the fourth about one- 
third the diameter of our moon. 

95. As the axis of Jupiter is nearly perpendicular to its 
orbit, it has no sensible change of seasons. 

96. The satellites of Jupiter often pass behind the body 
of the planet, and also into its shadow, and are eclipsed. 
These eclipses are of use in ascertaining the longitude of 
places on the earth. By these eclipses, also, it has been 
ascertained that light is about eight minutes in coming from 
the sun to the earth \ for an eclipse of cme of these satel- 
lites appears to us to take place sixteen minutes sooner when 
the earth is in that part of its orbit nearest Jupiter than 
when in the part furthest from that planet. Hence, light 
is sixteen minutes in crossing the earth's orbit, and, of 
course, half of that time, or eight minutes, in coming Irom 
the sun to the earth. 

97. When viewed through a telescope, several belts or 
bands are distinctly seen, sometimes extending across his 
disk, and sometimes interrupted and broken. They differ 
in distance, position, and number. They are generally 
dark ; but white ones have been seen. 

On account of the immense distance of Jupiter from the 
sun, and also from Mercury, Venus, the Earth and Mars, 
observers on Jupiter, with eyes like ours^ can. \Nftx%x ^r5&. 
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either of the ahove-named planeu, hecauie they would 
always he immersed in the sun's rays. 

98. Op Saturn.— Saturn is the second in size, 
and the last but one in distance from the sun. The 
degree of heat and light at this planet is eighty times 
less than at the earth. 

99. Saturn is distinguished from the other planets 
bv being encompassed by two large, luminous rings. 
They reflect the sun's light in the same manner as 
bis moons. They are entirely detached from each 
other, and from the body of the planet. They turn 
on the same axis with the planet^ and in nearly the 
same time. 

100. These rings move together around the planet, 
but are about thirteen minutes longer in performing 
their revolution about him than Saturn is in revolv« 
ing about his axis. The edge of these rings is 
constantly at right angles with the axis of the planet. 
Stars are sometimes seen between the rings, and also 
between the inner ring and the body of the planet. 
The breadth of the two rings is about the same as 
their distance from the planet, namely^ 21,000 miles. 
As they cast shadows on the planet. Dr. Hersehel 
thinks them solid. 

101. The surface of Saturn is sometimes diversi- 
fi^, like that of Jupiter, with spots and belts. 
Saturn has seven satellites, or moons, revolving 
around him at different distances, and in various 
times, from less than one to eighty days. 

102. Saturn may be known by his pale and steady light. 
The seven moons of Saturn, except one, revolve at difiei^t 
distances around the outer edge of his rings. Dr. Hersehel 
saw them moving along it, like bright beads on a white 
string. They do not often suffer eclipse hy passing into tba 
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shadow of the planet^ because the ring is generally in an 
oblique direction. 

103. Op Uranus. — Uranus, tlie third in size, is 
the most remote of all the old planets. It is scarcely 
visible to the naked eye. The light and heat at 
Uranus are about 360 times less than that of the 
earth. 

104. This planet was long known by the name of 
Herschel, the discoverer, who, in announcing his 
discovery, named it the "Georgium Sidus,"in honour 
of King George III. The name of Uranus was 
given to it by the continental astronomers. 

It was formerly considered a small star^ but Dr. 
Herschel in 1774 discovered, from its motion, that it 
is a planet. 

105. Uranus is attended by six moons, or satellites, 
all of which were jliscovere<l by Dr. Herschel ; and 
all of them revolve in orbits nearly perpendiciilnr 
to that of the planet. Their motion is apparently 
retrograde; but this is probably an optical illusion, 
arising from the difficulty of ascertaining which part 
of their orbit inclines towards the earth, and which 
declines from it. 

106. It appears to be a general law of satellites, or moons, 
that they turn on their axis in the same time in which they 
revolve around their primaries. On this account, the in. 
habitants of secondary planets observe some singular appear- 
ances. which the inhabitants of primary planets do not. 
Those who dwell on the side of a secondary planet next to 
the primary wiU always see that primary ; while those who 
live on the opposite side will never see it. Those who 
always see the primary will see it constantly in very nearly 
the same place. For example, those who dwell near the 
edge of the moon's disk wiU always see the earth near the 
horizon, and those in or near the centre will always see it 
directly or nearly overhead. Those who dwell in the moon*s 
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Bouth limb will see the earth to the northward ; those in the 
north limb will see it to the southward ; those in the east 
limb will see it to the westward ; while those in the west 
limb will see it to the eastward ; and all will see it nearer 
the horizon in proportion to their own distance from 
the centre of the moon*s disk. Similar appearances 
are exhibited to the inhabitants of all secondary planets. 
These observations are predicated on the supposition that 
the moon is inhabited. But it is not generally believed that 
our moon is inhabited, or in its present condition fitted for 
the residence of any class of beings. 

107. It is a sinfi^lar circumstance, that before the discovery 
of Herschel some disturbances and deviations were observed 
by astronomers in the motions of Jupiter and Saturn, which 
they could account for only on the supposition that these two 
planets were influenced by the attraction of some more remote 
and undiscovered planet. The discovery of Herschel com- 
pletely verified their opinions, and shows the extreme nicety 
with which astronomers observe the motions of planets. 

1 08. Of Neptune. — The discovery of the planet Neptune 
(named originally Le Verrier, from its discoverer, in 1846) 
is one of the greatest triumphs which the history of science 
records. As certain perturbations of the movements of 
Saturn led astronomers to suspect the existence of a remoter 
planet, which suspicions were fully confirmed in the dis- 
covery of Uranus, so also, after the discovery of Ununos, 
certain irregularities were perceived in his motions^ that led 
the distinguished astronomers of the day to the belief that 
even beyond the planet Uranus still another undiscuvered 
planet existed, to reward the labours of the discoverer. 
Accordingly Le Verrier, a young French astronomer, urged 
by his friend Arago, determined to devote himsdf to the 
attempt at discovery. With indefatigable indiiitrj he 
prepared new tables of planetary motions, from irttidi he 
determined the perturbations of the planets Japiter, jSatnm 
or Unmus, and as early as June, 1846, m a paper preflented 
to the Royal Academy of Sciences in Parity he pointpd out 

w^ere the saspected planet would be on the I at of Janaar>', 
1847. He &ubseq\ien\\7 d^\«im\ii&^>^^ tqass and the ele- 
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ments of tbe orbits of the planet, and that, too, before it 
had been seen by it human eye. On tbe 18th of September, 
1846, he wrote to hia friend, M. Galle, of Berlin, re^uesdng 
him to direct hia telescope to a certain point in the heaTCna, 
where he Huspectud tbe stranger to be< His friend com- 
plied with his request, and on tbe first evening of esaroioft- 
tion discovered a Htrange star of the eighth magnitude, 
which had not been laid down in any of the maps of that 
portion of the heavens. The following evening it was found 
to have moved in a direction and with a velocity very nearly 
like that which Le Verrier had pointed oat. The planet 
was found within leas than one degree of the place where 
Le Verrier had located it. It was subsequently ascertained 
that a young English mathematician, Mr. Adams, of Cam- 
bridge, hod been engaged in the same computaUona, and 
had arrived at the same results with Le Verrier. 

109. What eboll we lay of science, then, that enables ita 
devoted fbltowera to reach out into spaoe and feel snccesafullj 
in tbe dark for an object mors than twenty-five thouiand 
mitlioni of miles distant f 

110. In conclnsion of this brief notice t^ the planets, a 
plate is here presented showing the relative appearance of 

ng. 9L 
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the ptoneta u viewed thraagh a teletcoM. It will be 
Mrred that the planets Mercury and Veniu hare sin 
phasea to thoee of our moon. 

111. Of Combts. — The word Comet ia deii 
from a Greek word, which meaDS hair; and 
name is given to a numeroue class of bodies, wl 
ocuasionally visit and appear to belong to the ai 
Bjstem. These bodies eeera to consist of a nuclf 
attended with a lucid baze, sometimes resembi 
flowing hair; from whence the name is deri* 
Some comets appear to consist wholly of this h 
or hairy appearance, whicli is frequently called 
tail of the comet. 
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112. In ancient times the appearance of comets was 
regarded with superstitious fear, in the belief that they 
were the forerunners of some direful calamity. These fears 
have now been banished, and the comet is viewed as a con- 
stituent member of the system, governed by the same 
harmonious and unchanging laws which regulate and control 
all the other heavenly bodies. 

113. The number of comets that have occasionally ap- 
peared within the limits of the solar system is variously 
stated from 350 to 500. The paths or orbits of about 98 
of these have been calculated from observation of the times 
at which they most nearly approached the sun ; their dis- 
tance from it and from the earth at those times } the 
direction of their movements, whether from east to west, or 
from west to east j and the places in the starry sphere at 
which their orbits crossed that of the earth and their inclin- 
ation to it. The result is, that, of these 98, 24 passed 
between the sun and Mercury, 33 passed between Mercury 
and Venus, 21 between Venus and the Earth, 16 between 
the Ekurth and Mars, 3 between Mars and Ceres, and 1 
between Ceres and Jupiter : that 50 of these comets moved 
from east to west ; that their orbits were inclined at everv 
possible angle to that of the earth. The greater part of 
them ascended above the orbit of the earth when very near 
the sun ; and some were observed to dash down from the 
upper regions of space^ and, after turning round the sun, to 
mount again. 

1 14. Comets, in their revolution, describe long narrow 
ovals. They approach very near the sun in one of the ends 
of these ovals, and when they are in the opposite end of the 
orbit their distance from the sun is immensely great. 

115. The extreme nearness of approach to the sun gives 
to a comet, when in perihelion, a swiftness of motion pro- 
digiously gpreat. Newton calculated the velocity of the 
comet of 1680 to be 880,000 miles an hour. This comet 
was remarkable for its near approach to the sun, being no 
further than 580,000 miles from it, which is but little more 
than half the sun's diameter. Brydone calculated that the 
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116. The luminous stream, or tail of a comet, followa it 
BB it approacbcB tbe sun, and goei before it when the comet 
recedes from the son. Newton, and some other Bstronomers, 
coDUdered the tails of comets to be Tapoure, prodoced by 
the excessire heat of the buu. Others have supposed them 
to be caused by a repulsive influence of the bud . Of what- 
ever Bubstance thev may be. it is certain that it is very rare, 
because tbe itan m*y be diatioctljr Men threnglL it> 
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117. Tlie tails of comets differ very greatly in 
lengtii, and some are attended n])pareiitiy by only a 
small cloudy light, wliile the length of the tail of 
others has been estimated at from 50 to 80 millions 
of miles. 

IIS. It hsB been argaed that comet* coDsist oF very 

liltle solid substance, becaoee, although they sometimeH 

ng. II. 
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approach rery near to the other heayenly bodies, they appi 
to eiert no cencible attractive force upon thoK bodies. Ii 
Mid that in 1454 the mooa waa eclipsed hj a comet, T 
comet, must. therefcH«, have been very near the earth (li 
than 240 OOD Diiles) ; yet it produced no Henaible effect 
the earth or the moon : for it did not cause them to make a 
perceptible deviBlion from their accustomed paths round t 
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BUD. It has been ascertaioed that comets are d'ratarhed hy 
the gravitating power of the planets ; but it does not 
appear that the planets are in like manner afiected by 
comets. 

Some comets have exhibited the appearance of two or 
more tails, and the great comet of ] 744 had sis. 

119. Many comets escape obeervntion because they tra- 

verse that part of the heavens only which is above the ho- 

Ilt;. 14. 
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rizon in the day-time. They are, therefore, lost in the 
hrilliancy of the sun, and can be seen only when a tottd 
eclipse of the sun takes place. Seneca, sixty years before the 
Chnstian era, states that a large comet was actually ob- 
served very near the sun, during an eclipse. 

120. Dr. Halley, Professor Encke, and Biela, are the first 
astronomers that ever successfully predicted the return of a 
comet. The periodical time of Halley's comet is about 76 
years. It appeared last in the fall of 1 835> and presented 
different appearances fntm different points of observation. 
That of Encke is about 1200 days; that of Biela, about 
6} years. This last comet appeared in 1832 and 1838. 

121. The comet of 1758, the return of which was pre- 
dicted by Dr. H alley, was regarded with great interest by 
astronomers, because its return was predicted. But four 
revolutions before, in 1456, it was looked upon with the 
utmost horror. Its long tail spread consternation over all 
£urope, already terrified by the rapid success of the Turkish 
arms. Pope Callixtus, on this occasion, ordered a prayer, 
in which both the comet and the Turks were included in one 
anathema. Scarcely a year or a month now elapses without 
the appearance of a comet in our system. But it is now 
known that they are bodies of such extreme rarity that our 
clouds are massive in comparison with them. They have 
no more density than the air under an exhausted receiver. 
Herschel saw stars of the 6th magnitude through a thick- 
ness of 30,000 miles of cometic matter. The number of 
comets in existence within the compass of the solar system 
is stated by some astronomers as over seven millions, 

122. Kg. 13 represents Halley's comet, as seen by Sir 
John Herschel, while Fig. 14 represents the same comet 
as seen only a few days before by Struve. 

123. The Comet op 1856. — The following interesting de- 
tails in relation to a comet expected in 1856 are given by 
Babinet, an eminent French astronomer. It is translated 

from the Courier des Etat% Uui«. 
'' This comet is one o£ \ke gcwi^e^X. qI ^?^5m^ \»atorian8 
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make mention. Its period of revolution is about three 
hundred years. It was seen in the years 104, 392, 683, 975, 
1264, and the last time in 1056. Astronomers a^eed in pre- 
dicting its return in 1848 ; but it failed to appear, and con- 
tinues to shine still unseen by us. Already tne observatories 
began to be alarmed for the iate of their beautiful wandering 
star, when a learned calculator of Middlebourg, M. Bomme, 
reassured the astronomical world of the continued existence 
of the venerable and magnificent comet. 

" Disquieted, as all other astronomers were, by the non- 
arrival of the comet at the expected time, M. Bomme, aided 
by the preparatory labours ot Mr. Hind, has revised all the 
calculations and estimated all the actions of all the planets 
upon the comet for three hundred years of revolution. The 
result of this patient labour gives the arrival of the comet 
in August, 1868, with an uncertainty of two years, more or 
less ; so that from 1856 to 1860 we may expect the great 
comet which was the cause of the abdication of the Emperor 
Charles V., in 1556. 

*' It is known that, partaking' of the general superstition, 
which interpreted the appearance of a comet as the fore- 
runner of some fatal event, Charles Y. believed that this 
comet addressed its menaces particularly to him, as holding 
the first rank among sovereigns. The great, and once wise, 
but now wearied and shattered monarch, had been for some 
time the victim of cruel reverses. There were threatening in- 
dications in the political, if not in the phvsical horizon, of a 
still greater tempest to come. He was left to cry in despair, 
' Fortune abandons old men.' The appearance of the blazing 
star seemed to him an admonition from Heaven that he must 
cease to be a sovereign if he would avoid a fatality from which 
one without authority might be spared. It is known that 
the emperor survived his abdication but little more than two 
years. 

*' Another comet, which passed near us in 1835, and which 
has appeared 25 times since the year 13 before the Christian 
era, nas been associated, by the superstitious, with many ini- 
portant events which have occurred near the periods of its 
visitation. 

** In 1066, William the Conqueror landed in England at 
the head of a numerous army, about the time that the comet 
appeared which now bears the name of Ilalley's comet. The 
circumstance was regarded by the Eu^Vvek ^& ^ ^t<i^eJ^saR5C^a 
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of the viciory of the Normans. It infused universal terror 
into the minds of the people, and contributed not a little to • 
wards the submission of the country after the battle of Hast- 
ing, as it had served to discourage the soldiers of Harold 
before the combat. The comet is represented upon the 
famous tapestry of Bayeux, executed by Queen Matilda, the 
wife of the conqueror. 

" This celebrated tapestry is preserved in the ancient epis- 
copal palace at Bayeux. It represents the principal incidents, 
including the appearance of tue comet, in the history of the 
conquests of England by William, Duke of Normandy. It 
ia supposed to have been executed by Matilda, the con- 
mierors wife, or by the Empress Matilda, daughter of 
Henry I. It consists of a linen web 214 feet in length and 
20 inches broad ; and is divided into 72 compartments, each 
having an inscription indicating its subject. The figures are 
all executed by tne needle. 

** The same comet, in 1451, threw terror among the Turks 
under the command of Mahomed II., and into the ranks of 
the Christians during the terrible battle of Belgrade, in which 
forty thousand Mussulmans perished. The comet is de- 
scribed by historians of the time, as * immense, terrible, of 
enormous length, carrying in its train a tail which covered 
two celestial signs (60 degrees), and producinguniversal terror.* 
Judging from this portrait, comets have singularly degene- 
rated in our day. It will be remembered, however, that in 
1811 there appeared a comet of ^eat brilliancy, which in- 
spired some superstitious fears. Since that epoch science has 
noted nearly 80 comets, which, with few exceptions, were 
visible only by the aid of the telescope. Kepler, when asked 
how many comets he thought there were in the heavens, an- 
swered, ' As many as there are fish in the sea.' 

'* Thanks to tlie progress of astronomical science, these 
singular stars are no longer objects of terror. The theories 
of Newton, Halley, and their successors, have completely 
destroyed the imaginary empire of comets. As respects 
their physical nature, it was for a long time believed that 
thejr were composed of a compact centre, surrounded by a 
luminous atmosphere. On this subject the opinion of M. 
Babinet, who must be regarded as good authority on such 
questions, is as follows : * Comets cannot exercise any mate- 
rjal JnRaence upon our globe ; and the earth, should it tra- 
rerse a comet in its entire bTe«id\\i,'wo\)i^ perceive it no more 
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tlian if it should cross a cloud a liundred tliousand millions of 
times lighter tlian our atmosphere, and which could no more 
make its way through our air, than the slightest puff of an 
ordinary bellows could make its way through an anvil.' It 
would be difficult to find a comparison more reassuring."* 

124. Of the Fixed Stars. — The Fixed Stars are 
all supposed to be iiiiiiieiiscly Jar^e bodies^ like our 
own sun^ sliining by their own light, which they d'us- 
pense to systems of their own. 

125. They are classed by their apparent magni- 
tudes, those of the sixth magnitude being the 
stnalJest that can be seen by the naked eye. Stars 
wliicli can be seen only by means of the telescope 

* Thb Comrt of 1853.— Mr. Hind, in a letter to the Times^ gives the 
followiiif( particulars with regard to the comet which appeajed durinK the 
year 1853. 

" Tiie comet which has been so conspicuous during* the last week was very 
favourably seen here on Saturday, and a^ain on Sunday evening. On the 
latter occasion, allowme fur the proximity of the comet to the horizon, and 
the strong k^ow of twiliglit, its nucleus was ful>y as bright as an average 
star of the first magnitude; the tail extended about three dejtrees from the 
head. When viewed m the comet-seeker, the nucleus appeared of a bright 
g(Ml colour, and about half the diameter of the planet Jupiter, which was 
shining at the same time in the southern heavens, and could be readily coui- 
piire<I with the comet. The tail proceeds directly froui the head in a sing e 
stream, and not, as sometimes remarked, in two branches. The distance of 
this body from the earth at 8 o'clock last evening, was 80,000,000 miles; and 
hence it results, that the actual diameter of the bright nucleus was 8000 mites, 
or about equal to that of the earth, while the tail h .d a real length of 
4,500,000 miles, and a breadth of 250,000. which is rather over the distance 
separating the moon from the earth. It is usual' to assume that the inten- 
sity of a comet's light varies as the reciprocal of the products of the squares of 
the distance from tlie earth and sun; but the present one has undergone a far 
more rapid increase of brilliancy than would result from this hypothesis. 
The augmentation of light will go on till the Srd of September, and it will be 
worth while to look for the comet in the day-time about that date ; for this 
purpose an equatorialiy mounted telescope will be required, and I would 
suggest theadtlitiun of a light green or red glass, to take off the great glare 
of sunlight, the instrument being adjusted to a focus on the planet Venus. 
This comet was discovered on the 10th of June, by Mr. Klinkenfues, of the 
Ol»servatory at Gottin^en, but was not bright enonuh to be seen without a 
to.e8CO|>e until about August IS. In a letter copied into the 7'ttiie«a few days 
since. Sir William Hamilton hints at the [lossihiliiy of this being the comet 1 
had been expecting ; but 1 avail myself of the present opi>ortunity of stating 
that such is not the case, the elements of the orbits having no resemblance. 
The comet referred to will probably reappear between the years 1838 and 
iMtil : and, if tiie perihelion passage takes place during the summer months, 
we may expect to see a bo<iy of far more imiH>siiig aspect than the one at 
present visible." 
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are called telescopic stars. They, also, are classified ; 
tli^classes reaching even to the setrenteeath or t\Tea- 
tieth luaguitude. 

126. We have no means of ascertaining, with any 
degree of precision, the distance of any body which 
exceeds 200 thousand times the distance of the earth 
from the suu. As no star falls within that distance, 
we are at a loss to determine the distance of any 
one star. 

127. Struve estimates the mean distance of stars 
of the first magnitude to be 986 thousand times the 
distance of the earth from the sun, and that the liglit 
from them takes fifteen years and a half to reach the 
earth. The light from the stars of the second mag- 
nitude would require twenty-eight years, of the third 
magnitude forty-three years, and of the ninth mag- 
nitude 586 years, to reach us. 

128. Tens of thousands of years must roll away 
before the most swiftly-flying of all the fixed stars 
can complete even a small fragment of its mighty 
orbit ; but such has been the advance of science, that 
if a star move so slowly as to require five millions of 
years to complete its revolution, its motion could be 
perceived in one year ; and in ten years its velocity 
can be computed, and its period will become known 
in the lifetime of a single observer. 

129. The stars are the fixed points to which we 
must refer in observations of the motions of all the 
heavenly bodies. Hence the stars were grouped in 
the earliest ages (but by whom we know not), num- 
bered and divided into constellations, the names of 
which have survived the fall of empires. 

130. It is generally supi^OB^Oi l\i\it ^art, if not all, 
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of the difference in the apparent magnitudes of the 
stars is owing to the difference in their distance. ^ 

131. The distance of the stars, according to Sir J. 
Herschel, cannot be less than 19,200,000,000,000 
miles. How much greater it really is, we know not. 

132. Although the stars generally appear fixed, they all 
have motion ; but, their distance being so immensely great, a 
rapid motion would not perceptibly change their relative 
situation in two or three thousand years. Some have been 
noticed alternately to appear and disappear ; several that were 
mentioned by ancient astronomers are not now to be seen ; 
and some are now observed which were unknown to the 
ancients. 

133. Many stars which appear single to the naked eye, when 
viewed through powerful telescopes, appear double, treble, and 
even quadruple. Some are subject to variation in their appa- 
rent magnitude, at one time being of the second or tliird, and 
at another of the fifth or sixth magnitude. 

134. The Galaxy, or Milky Way, is a remarkably 
light, broad zone, visible in the heavens, passing from 
north-east to south-west. It is supposed to consist 
of an immense number of stars, which, from their 
apparent nearness, cannot be distinguished from 
each other. 

1 35. Dr. Herschel saw, in the course of a quarter of aa 
hour, the astonishing number of 116,000 stars pass through 
the field of his telescope, while it was directed to the milky 
way. 

• 

136. The ancients, in reducing astronomy to a 
science, formed the stars into clusterSy or constellations, 
to which they gave particular names. 

137. The number of constellations among the 
ancients was about fifty. The moderns have added 
about fifty more. 

138. Our observations of the stars and nebulso are confined 
principally to those of the northern hemisphere. Of tha qax\.« 
stellations near the south pole 'we \lt)lQ'w >QiM\>\2L\!0^^« 
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139. In dietermining the true place of any of the 
eefestial bodies, the refractive power of the atmo- 
sphere must always be taken into consideration. 
This property of the atmosphere adds to the length 
of the days, by causing the sun to appear before it 
has actually risen^ and by detaining its appearance 
after it has actually set. 

140. On a celestial globe, the lar^^t itar in each constel- 
lation is tuinally designated by the first letter of the Greek 
alphabet, and the next largest oy the second, &c. When tlie 
G reek alphabet is exhausted, the English alphabet, and then 
numbers, are used. 

141. The stars^ and other heavenly bodies, are 
never seen in their true situation, because the motion 
of light is progressive; and^ during the time that 
light is coming to the eartli, the earth is constantly 
in motion. In order, therefore, to see a star, the 
telescope must be turned somewhat before the star, 
and in the direction in which the earth moves. 

142. Hence, a ray of light passing through the 
centre of the telescope to the observer's eye, does not 
coincide with a direct line from his eye to the star, 
but makes an angle with it ; and this is termed the 
aberration of light, 

143. The daily rotation of the earth on its axis 
causes the whole sphere of the fixed stars, &c., to 
appear to move round the earth every twenty-four 
hours from east to west. To the inhabitants of the 
northern hemisphere, the immovable point on which 
the whole seems to turn is the Pole Star, To the in- 
habitants of the southern hemisphere there is another 
and a corresponding point in the heavens. 

J44. Certain of the stars surrounding the north 

pole never set to us. These are included in a circle 

parallel with the equator, auA m enet^ ^wx Qqiially 
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distant from the north pole star. This circle is called 
the circle o^ jyerpetuaL apimrition. Others never rise 
to us. These ai'e included in a circle equally distant 
from the south pole; and this is called the circle of 
perpetual occultation. Some of the constellations of 
the southern hemisphere are represented as inimit- 
ably beautiful, particularly the cross. 

145. The parallax of the heavenly body is the 
difierence between the true and the apparent situation 
of the body. 

146. In Fig. 15, A G B represent the earth, and C the 
moon. To a spectator at A, the moon would appear at F ; 
while to another, at B, the moon would appear at D ; but. 

Fig. 15. 




to a third Bpectator, at G, the centre of the earth, the moon 
would Appear at E, which is the true situation. The dis- 
tance from F to E is the parallax of the moon when viewed 
from A. and the distance from E to D is the parallax when 
viewed from B. 

147. From this it appears that the situation of the 
heavenly bodies must always be calculated from the centre 
of the earth ; and the observer must always know the dis- 
tance between the place of his observation and the centre of 
the earth, in order to make the necessarv calculations to 
determine the true situation of the body. Allowance, also, 
must be made for the refraction of the atmosphere. 

148. Op the Moon. — The Moon is a secondary 
planet^ revolving about the earth, vbl ^WqX \.^^se^?^* 
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nine and a half days. Its distance from the earth is 
about 240,000 miles. It tarns on its axis in pre- 
cisely the same time that it performs its revolution 
about the earth. Consequently it always presents 
the same side to the eartli ; and, as its apparent dia- 
meter in all parts of its orbit is invariably tlie same, 
it follows that it must be at the same invariable 
distance from the earth. 

149. The Burface of the moon appears to be volcanic and 
very mountainous. Occasional volcanoes have been seen in 
action on the dark side. No heat has been detected in the 
moon's rays, even when most powerfully concentrated, that 
will affect the most delicate thermometer ; and hence some 
have inferred that the moon extracts the heat from the sun's 
rays before it reflects them. 

150. One of the most common errors with regard to the 
moon is that which ascribes to it an influence over the 
weather. Tables of the weather have been compared with 
the lunar phases for a period of a hundred years, and over a 
thousand lunations, during which time about 491 new or 
full moons have been attended by a change of the weather, 
and 509 have not. 

151. The moon is equally innocent of putrefaction, not- 
withstanding the popular belief that it hastens that process, 
especially in fish. The same cause which produces dew 
causes moisture on substances exposed to it, and this 
moisture is the real cause of putrefaction. 

1 52. Dr. Olbers, of Bremen, by a comparison of a great 
number of cases, arrived at the conclusion that the moon 
has no effect on insanity ; although the popular belief is, that 
the fits are aggravated or affected by the lunar phases. 

153. The density of the moon is estimated at about 
one-fifth that of the earth ; hence ten pounds on the 
earth will be equal to two on the moon. The days 

and nights on the moon are each equal to fourteen 
of our days. The axis of iW^ mo^tix^^^t^endicular 
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to its orbit^ and therefore the moon can have no 
variety of seasons. The moon likewise has no atmo- 
sphere, and therefore it cannot be inhabited; for 
there can be no vegetation, no clouds, no ocean, no 
liquids, no light in dwellings, no twilight ; in shorty 
nothing that could fit it for the habitation of- any 
order of beings with which we are acquainted. 

154. In connection with what has now been stated with re- 
gard to the moon and its volcanic appearances, it will be 
proper to notice the subject of deroUtes, or meteoric stones ; 
because, according to the opinion of some, tliey are of lunar 
origin. Three theories have been broached with regard to 
them : 1st, that they are formed in the air, from materials 
existing there in a sublimated state : 2nd, that they are parts 
of an exploded planet : 3rd, that they are tlirown from the 
volcanoes in the moon. 

To the first of these theories there is a material objection 
in the fact that gases, when in contact, must mix, and gases 
necessary to form these substances cannot, therefore, remain 
in the air unmixed. 

To the second hypothesis it may be objected, that if they 
were parts of a broken planet they would probably be com- 
posed of more heterogeneous materials. But it is well known 
that all of them are composed of the same constituent parts, 
namely, sulphur, magnesia, manganese, iron, nickel, chromium, 
and, in one. recorded instance only,, charcoal. 

In favour of the third supposition, which refers them to a 
lunar origin, it may be remarxed that a body thrown seventy 
miles from the moon would escape from the moon's attraction ; 
and that a veloci^ six' times greater than that of a cannon- 
ball would be sufficient to throw, a body beyond the moon's 
attraction. As terrestrial volcanoes have thrown bodies with 
this velocity, it is not improbable. that lunar volcanoes may 
do the same. 

155. The most obvious fact in relation to the moon 
is, that its disk is constantly changing its appearance : 
sometimes only a semi-circular edge being illumin- 
ated, while the rest is dark ; at another time, the 
whole surface appearing resplendent. This is caused 
by the relative position of lU^ tCLCwrcL^^^^^'^e^^'^^ 
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the son and the earth. The moon is an opaqne 
body y and shines only by the light of the snn, When^ 
therefore, the moon is between the earth and the 
sun, it presents its dark side to the earth ; while the 
side presented to the sun, and on which the sun 
shines, is invisible to the eartlu But when the earth 
is between the sun and the moon, the illuminated 
side of the moon is visible at the earth. 

156. In Fig. 16, let S be the sun, £ the earth, and 
A B C D the moon in different parts of her orbit. When 

Fig. ifi. 




-A 



the moon is at A, its dark side will be towards the earth, its 
illuminated part being always towards the sun. Hence the 
moon will appear to u9 as represented at a. But when it 
hM advanced in its orbit to B, a small part of its illuminated 
side coming in sight, it appears as represented at 6, and is 
said to be homed. When it arrives at C, one-half its illu- 
minated side is visible, and it appears as at c. At C, and 
m the opposite point of its orbit, the moon is said to be in 
quadrature. At D its appearance is as represented at rf, and 
It 18 said to be gibbous. At E all the illuminated side is 
towards us, and we have a full moon. During the other 
half of its revolution, less and less of its illuminated side is 
seen, till it again becomes iwNmble at A. 

i^7. The mean difference m Vide imbviv^ ^l ^<& ^ckni. 
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caused by its daily motion, is a little less than an hour. 
But, on account of the different angles formed with the 
horizon by different parts of the ecliptic, it happens that 
for six or eight nights near the full moons of September and 
October the moon rises nearly as soon as the sun is set. As 
this is a great convenience to the husbandman and the 
hunter, inasmuch as it affords them light to continue their 
occupation, and as it were, lengthens out their day, the 
first is called the harvest moon, and the second the hunter's 
moon. These moons are always most beneficial when the 
moon*s ascending node is in or near Aries, 

1 58. The following signs are used in our common alma- 
nacs to denote the different positions and phases of the moon* 

J or }) denote the moon in the first quadrature, that is, 
the quadrature between change and full ; C or ([ denote 
the moon in the last quadrature, that is, the quadrature be« 
tween full and change. # denotes new moon ; O denotes 
full moon. 

159. When viewed through a telescope, the surface of 
the moon appears wonderfully diversified. Large dark spots, 
supposed to be excavations, or valleys, are visible to the 
eye ; some parts also appear more lucid than the general 
surface. These are ascertained to be mountains, bv the 
shadows which they cast. Maps of the moon's surface have 
been drawn, on which most of these valleys and mountains 
are delineated, and names are given to them. Some of 
these excavations are thought to be four miles deep, and 
forty wide. A high ridge generally surrounds them, and 
often a mountain rises in the centre. These immense de* 
pressions probably very much resemble what wvuld be the 
appearance of the earth at the moon were all the seas and 
lakes dried up. Some of the mountains are supposed to be 
volcanic. 

J 60. Of THE Tides. — The tides are the regular 
rising and falling of the water of the ocean twice in 
about twenty-five hours. They are occasioned by 
the attraction of the moon upon the matter of the 
earth ; and they are also affected Vs>^ >X\^ ^l^^^iSKw- 
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161. Let M, Pig. 17, be the moon revolving in her 
orbit ; £, the earth coven^ with water ; and S, the sun. 

Fig. 17. 





Now, the weight of a particle of matter is its tendency to- 
wards the centre of the earth, and whatever goes to separate 
the centre from any particle, diminishes that tendency, and 
consequently lessens the weight in the same proportion. 
Now, since the water at and about A is nearer the moon 
than that between A and C, and between A and D, it will 
be more strongly attracted : and, consequently, such attrac- 
tion will diminish the weight of the water more at A than 
at the points between A and C and between A and D. 
Hence, the water being made lighter at A, will, by the force 
of the hydrostatic pressure, rise until the whole mass comes 
into equilibrium. 

Again, the waters at C and D, and between C and B and 
D and B, being nearer the moon than the water at B, will 
be more attracted by it, and hence its weight will be in- 
creased more than that of the water at B, which latter 
weight is also diminished by the effort of the moon to sepa- 
rate the centre E and the particle of matter at B. There- 
fore, the water being made lighter at B, will rise the same 
as at A, and this rise will also be increased by the motion of 
the moon and earth around their common centre of gravity. 

Thus any particular place, as A, while passing from under 

the moon till it comes under the moon again, has two tides. 

But the moon is constantly advancing in its orbit, so that the 

earth must a little more than complete its rotation before the 

place A comes under the moon. Tiiis causes high water at 

anjr place about fifty minutes later each successive day. 

As^the moon*s orbit \aT\e.a WVi \\Ule from the 
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ecliptic, the moon is never more than 29** from the 
equator, and is generally much less. Hence the 
waters about the equator, being nearer the moon, are 
more strongly attracted, and the tides are higher 
than towards the poles. 

162. The 8un attracts the waters as well as the moon. 
When the moon is at full or change, being in the same line 
of direction (see Fig. 17), the sun acts with it j that is, the 
sun and moon tend to raise the tides at the same place, 
as seen in the figure. The tides are then very high, and 
are called spring tides. 

But when the moon is in its quarters, as in Fig. 18, the 
sun and moon being in hnes at right angles, tend to raise 

Tig. 18. 





tides at different places ; namely, the moon at C and D, and 
the sun at A and B. Tides that are produced when the 
moon is in its quarters, are low, and are called netqt tides. 

163. There are so many natural difficulties to the free 
progress of the tides, that the theory by which they are 
accounted for is, in fact, and necessarily, the most imperfect 
of all the theories connected with astronomy. It is, how- 
ever, indisputable that the moon has an efifect upon the 
tides, although it be not equally felt in all places, owing to 
the indentations of the coast, the obstructions of islands, 
continents, &c., which prevent the free motion of the waters. 
In narrow rivers the tides are frequently very h»gh and 
sudden, from the resistance afforded by their banks to the 
free ingress of the water, whence what would otherwise be 
a tide, becomes an accumulation. It has been constantly 
observed, that the spring tides happen at the new and full 
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moon, and the neap tides at the quarters. This circum- 
stance is sufficient in itself to prove the connection between 
the influence of the moon and the tides* 

164. An Eclipse is a total or partial obscuration of 
one heavenly body by the intervention of another. 

The situation of the earth with regard to the moon, or 
rather of the moon with regard to the earth, occasions 
eclipses both of the sun and moon. Those of the sun take 
place when the moon, passing between the sun and earth, 
intercepts his rays. Those of the moon take place when 
the earth, coming between the sun and moon, deprives the 
moon of his light. Hence, an eclipse of the sun can take 
place only when the moon changes, and an eclipse of the 
moon only when the moon fulls ; for, at the time of an eclipse, 
either of the sun or the moon, the sun, earth, and moon, must 
be in the same straight line. 

If the moon revolved around the earth in the same plane 
in which the earth revolves around the sun, that is, in the 
ecliptic, it is plain that the sun would be eclipsed at every 
new moon, and the moon would be eclipsed at every full. 
For, at each of these times, these three bodies would be in 
the same straight line. But the moon's orbit does not 
coincide with the ecliptic, but is inclined to it at an angle of 
about 5** 20'. Hence, since the apparent diameter of the 
sun is but about |- a degree, and that of the moon about the 
same, no eclipse will take place at new or full moon unless 
the moon be within i a degree of the ecliptic, that is, in or 
near one of its nodes. It is found that if the moon be 
within 16i° of a node at time of change, it will be so near 
the ecliptic that the sun will be more or less eclipsed j if 
within 12° at time of full, the moon will be more or less 
eclipsed. 

165. It is obvious that the moon will be oftener within 

12® at the time of full ; consequently, there will be more 

eclipses of the sun than of the moon in a course of years. 

As the nodes commonly come between the sun and earth 

bat twice in a year, and the moon's orbit contains 360*, of 

wiiich 161**, the limit oi aoW ^c\\^^*>and 12'*, the limit of 
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lunar eclipses, are but small portions, it is plain there must 
be many new and full moons without any eclipses. 

Although there are more eclipses of the sun than of the 
moon, yet more eclipses of the moon will be visible at a par- 
ticular place, as London, in a course of years, than of the 
sun. Since the sun is very much larger than either the 
earth or moon, the shadow of these bodies must always ter« 
minate in a point ; that is, it must always be a cone. In 
Fig. 1 9, let S be the sun, m the moon, and £ the earth. 

Fig. 19. 




The sun constantly illuminates half the earth's surface, that 
is, a hemisphere ; and consequently it is visible to all in this 
hemisphere. But the moon*s shadow falls upon a part only 
of this hemisphere ; and hence the sun appears eclipsed to 
a part only of those to whom it is visible. Sometimes, when 
the moon is at its greatest distance, its shadow, O w, ter- 
minates before it reaches the earth. In eclipses of this 
kind, to an inhabitant directly under the point O, the outer- 
most edge of the sun's disc is seen, forming a bright ring 
around the moon ; from which circumstance these eclipses 
are called annular, from annulus, a Latin word for ring. 

Besides the dark shadow of the moon, m O, in which all 
the light of the sun is intercepted (in which case the eclipse 
is called total), there is another shadow, r C D S, distinct 
from the former, which is called the penumbra. Within this, 
only a part of the sun's rays are intercepted, and the eclipse 
is called partial. If a person could pass, during an eclipse 
of the sun, from O to D, immediately on emerging from the 
dark shadow, O m, he would see a small part of the sun ; 
and would continually see more and more till he axtU^ >ii^ 
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D, where ell *hadow would cease, and the whole snn's disc 
be visible. Appearances would be similar if he went from 
O to C. HcDce the penambra is leas and tesa dark (because 
a less portion of the aun is eclipsed), in proportion aa the 
apectatOT is more remote from O, and nearer C or D. 
Though the pentimbre be contiiiuatly increasing in diameter, 
according to its length, or the distance of the moon from the 
earth, still, under the moat favourable drcumstances, it ttJli 
on but about half of the illuminated hemisphere of the earth. 
Hence, hy half the inhabitauta on this hemisphere, no eclipse 
will be seen. 




prived of the sun's fight, and is eclipsed to all m the umUu- 
minated hemisphere of the earth. Hence, eclipses of the 
moon are visible to at least twice as many mhahitanta as 
those of the sun can be ; generally the proportion is much 
greater. Thus, the inhabitants at a particular place, as 
London, see more eclipses of the moon than of the sun 

The reason why a lunar eclipse is visible to all to whom 
the moon at the time is visible, and a solar one is not so to 
all to whom the sun at the time is visible may be "seen from 
the nature of these ecli]isea. We speak of the sun s being 
eclipsed ; but, properly, it is the earth which is eclipsed. 
No change takes place in tfae sun ; if there were, it would 
he seen by all to whom the sun is visible. The sun con- 
tmaes to diffuse iU be&oa «a lie^^ vod >uuformIy at each 
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times as at others. But these beams are intercepted, and 
the earth is eclipsed only where the moon's shadow falls, 
that is, on only a part of a hemisphere. In eclipses of the 
moon, that body ceases to receive light from the sun, and, 
consequently, ceases to reflect it to the earth. The moon 
undergoes a change in its appearance ; and, consequently, 
this change is visible at the same time to all to whom 
the moon is visible ; that is, to a whole hemisphere of the 
earth. 

167. The earth's shadow (like that of the moon) is en- 
compassed by a penumbra, C R S D, which is faint at the 
edges towards R and S, but becomes darker towards F and 
G. The shadow of the earth is but little darker than the 
region of the penumbra next to it. Hence it is very difficult 
to determine the exact time when the moon passes from the 
penumbra into the shadow, and from the shadow into the 
penumbra; that is, when the eclipse begins and ends. 
But the beginning and ending of a solar eclipse may be de- 
termined almost instantaneously. 

168. The diameters of the sun and moon are supposed 
to be divided into twelve equal parts, called digits. These 
bodies are said to have as many digits eclipsed as there are 
of those parts involved in darkness. 

169. There must be an eclipse of the sun as often, at 
leasts as one of the moon's nodes comes between the sun 
and the earth. 

The greatest number of both solar and lunar eclipses that 
can take place during the year is seven. The usual number 
is four, two solar and two lunar. 

1 70. A total eclipse of the sun is a very remarkable phe- 
nomenon. 

June 16, 1806, a very remarkable total eclipse took place at 
Boston. Tlie day was clear, and nothing occurred to prevent 
accurate observation of this interesting phenomenon. Several 
stars were visible ; the birds were greatly agitated ; a eloom 
spread over the landscape, and an indescribable sensation of 
fear or dread pervaded the breasts of those who gave them- 
aelves up to the simple efiects of the phenomenon, witha^t 
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haring their attention diverted bj efforts of obserration. The 
first gleam of light, contrasted with the previous darkness, 
seemed like the usual meridian day, and gave indescribable 
life and joy to the whole creation. A total eclipse of the sun 
can last but little more than three minutes. An annular 
eclipse of the sun is still more rare than a total one. 

171. Op Time. — ^When time is calculated by the 
san^ it is called solar titne^ and the year a solar 
year ; but when it is calculated by the stars, it is called 
sidereal time, and the year a sidereal year. The side- 
real year is 20 minutes and 24 seconds longer than 
the solar year. 

172. The solar year consists of 365 days, 5 hours, 
48 minutes, and 48 seconds ; but our common reck- 
oning gives 365 days only to the year. As the 
diflference amounts to nearly a quarter of a day every 
year, it is usual every fourth year to add a day. 
Every fourth year the Romans reckoned the Qth of 
the calends of March, and the following day as one 
day ; which, on that account, they called bissextile, 
or twice the 6th day ; whence we derive the name of 
bissextile for the leap year, in which we give to 
February, for the same reason, 29 days every fourth 
year. 

173. A solar year is measured from the time the 
earth sets out from a particular point in the ecliptic, 
as an equinox, or solstice, until it returns to the same 
point again. A sidereal year is measured by the 
time that the earth takes in making an entire revo- 
lution in its orbit ; or, in other words, from the tFine 
that the sun takes to return into conjunction with 
any fixed star. 

174. Every equinox occurs at a point, 50" of a 
degree of the great circle, preceding the place of the 

equinox, 12 months \>efote\ «A\d this is called the 
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precession of the equinoxes. It is this cirouniBtance 
which has caused the change in the situation of the 
constellations of the zodiac^ of which mention has 
already been made. 

175. The earth's diurnal motion on an inclined 
axis, together with its annual revolution in an elliptic 
orbit^ occasions so much complication in its motion 
as to produce many irregularities; therefore, true 
equal time cannot be measured by the sun. A clock 
which is always perfectly correct, will, in some parts 
of the year, be before the sun, and in other parts 
after it. There are but four periods in which the 
sun and a perfect clock will iigree; these are the 
Uth of April, the 16th of June, the 22nd of August, 
and the 24th of December. 

176. The greatest difference between true and 
apparent time amounts to between sixteen and seven- 
teen minutes. Tables of equation are constructed 
for the purpose of pointing out and correcting these 
differences between solar time and equal or mean 
time, the denomination given by astronomers to true 
time. 

177. As it may be interesting to those who have access 
to a celestial globe to know bow to find any particular star 
or constellation, the following directions are subjoined. 

There is always to be seen, on a clear night, a beautifuf 
cluster of seven brilliant stars, which belong, to the constel- 
lation *' Ursa Major, ^* or the Great Bear. Some have 
supposed that they will aptly represent a plough ; others 
say that they are more like a waggon and horses, the four 
stars representing the body of the waggon, and the other 
three the horses. Hence they are called by some the 
plough, and by others they are called Charles* wain, or 
waggon. 

Fig. 21 represents these seven stars; ah d g represent 
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the four, and e zB the other three ng, n. 

stars. Perhaps they may more 

properly he called a large dipper, 

of which ezB represent the handle. 

If a line he drawn through the 

stars b and a, and carried upwards, 

it will pass a little to the left, and 

nearly touch a star represented in 

the figure hy P. This is the polar 

star, or the north pole star ; and 

the stars b and a, which appear to 

point to it, are called the pointers, 

because they appear to point to -^ 

the polar star. 

The polar star shines with a steady and rather dead kind 
of light. It always appears in the same position, and the 
north pole of the earth always points to it at all seasons of 
the year. The other stars seem to move round it as a centre. 
As this star is always in the north, the cardinal points may 
at any time be found by starlight. 

By these stars we can also find any other star or constel- 
lation. 

Thus, if we conceive a line drawn from the star z, leaving 
B a littie to the left, it will pass through the very brilliant 
star A. By looking on a celestial globe for the star z, and 
supposing the line drawn on the globe, as we conceive it 
done on the heavens, we shall find the star and its name> 
which is Arcturus. 

Conceiving another line drawn through g and b, and ex- 
tended some distance to the right, it will pass just above 
another very brilliant star. On referring to the globe we find 
it to be Capella, or the goat. 

In this manner the student may become acquainted with 
the appearance of the whole heavens. 
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aUESTIONS FOR EXAMINATION. 



*^^* The fig^ares at the end of each question refer to the number of the 
section from which the answer is to be derived. 



1. What is Astronomy ? 1 . 

2. Who are some of the most distinguished Astronomers ? 3. 

3. Give an account of the Solar System as now adopted, 12. 

4. What is meant by the Solar System ? 13. 

5. What are the Primary Planets.' 14. 

6. Give the names of the eight Primary Planets, 15. 

7. How many minor Primary Planets have been discovered ? 16. 

8. What is the difference between a planet and a star ? 18. 

9. What universal law keeps the planets and other heavenly 

bodies in their places ? 20. 

10. What is meant by an orbit ? 21. 

11. What is meant by a year ? 22. 

12. Give an account of Bode's law, 24. 

1 3. What led to the discovery of the minor planets > 25. 

14. What opinion has been formed in relation to the minor planets } 

25. 

15. What is the shape of the orbits of the planets ? 27. 

16. Give the relative size of the sun, moon, and primary planets, 

28. 
16.* How large are the minor planets ? 29. 

17. Explain Fig. 1, 30, 

18. What is the Ecliptic, and why is it so called? 31. 

19. What is the Zodiac? 32. 
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20. What are the ri^ of the lodiac, and how many degrees in 

each? 34. 

21. HaTe the signs of the zodiac always remained the same, and 

why? 36. 

22. How are the orhits of the planets situated with respect to that 

of the earth ? 37. 

23. Explain Fig. 2, 37. 

24. Explain Fig. 3, 38. 

25. When is a heavenly body said to be in any constellation ? 39. 

26. What is meant by the perihelion and aphelion, the perigee and 

apogee, of a heavenly body ? 40. 

27. Where is the perihelion and aphelion of the earth ? 42. 

28. What is meant by the inferior and superior conjunction and 

opposition of a planet } 43. 

29. What is the inclination of the axes of the planets to the plane 

of their orbit ? 44, 

30. What causes the seasons ? 45. 

31. What causes the differences in the length of the days and 

nights ? 45. 

32. Explain Fig. 4, 47. 

33. What are the three laws of Kepler ? 48. 

34. How much nearer is the earth to the sun in summer than in the 

winter ? [Be careful not to be caught in this question.] 51« 

35. When is the heat of the sun the greatest ? 52. 

36. Explain Fig. 5, 53.. 

37. Why is it cooler early in the morning than in the middle of 

the day } 54. 

38. What causes the different climates in different parts of the 

world ? 55. 

39. What places will have the coolest temperature ? 56. 

40. What effects are produced by the inclination of the earth's 

axis ? 57. 

41. Explain Fig. 6, 60. 

42. Explain Fig. 7, 61. 

43. What is meant by the Equinoxes and the Solstices ? 62. 

44. How are day and night caused, and what is the reason of the 
diiference in their leu^lVi ^ ^4l. 
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45. Which of the planets has |be greatest di£ference in its seasons } 

65. 

46. What is the Sun, and what is its diameter ? 67. 

47. How much larger is the earth than the sun ? [Answer care- 

fully.] 68. 

48. What is the zodiacal light, and its cause ? 72. 

49. describe the planet Mercury, 74. 

50. How many seas are there on the planet Mercury ? 75. 

51. How late at night may Mercury be seen ? 76. 

52. How does Mercury appear when seen through a telescope ? 

77. 

53. Describe the planet Venus, 78. 

54. Why is Venus never seen late at night ? 80. 

55. What is meant by the transit of a planet? 81. 

56. Describe the Earth as a planet, 83. 

57. How much longer is the polar than the equatorial diameter of 

the earth ? [Think before you speak.] 83. 

58. Describe the earth as a moon, 84. 

59. What motions have the inhabitants of the earth on the earth 

as a planet ? See, also. No. 88, 

60. What would be the consequence if the earth should revolve on 

its axis once in an hour ? 89. 

61. Describe the planet Mars, 91. 

62. Describe the planet Jupiter, 93. 

63. What use has been made of the eclipses of Jupiter's satellites ? 

96. 

64. What is the appearance of Jupiter as seen through a telescope > 

97. 

65. Describe the planet Saturn, 98. 

66. How is Saturn particularly distinguished from the other 

planets ? 99. 

67. Describe the planet Uranus, 103. 

68. By how many moons is Uranus attended } 105. 

69. What is the general law of the rotation of satellites ^ 10'3. 

70. What led to the discovery of the planet Neptune? 108. 

71. What is a Comet? III. 

72. What is the shape of the orbits of comets ? 114. 
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73. WbAt are the fixed ttan rapB|ged to be ? 124. 

74. How are the fixed stars classified ? 125. 

75. What U the greatest distance from the earth which can be 

correctly estimated ? 1 26. 

76. How long would it take the light from the nearest stars to 

reach us ? 127. 

77. Who first divided the stars into constellations ? 129. 

78. What probably causes the difference in the apparent size of 

thesUrs? 130. 

79. What is the Galaxy ? 134. 

80. What effect has the atmosphere on the length of the day ? 

139. 

81. Why are the stars never seen in their true position .' 141. *^ * 

82. What is meant by the aberration of light ? 142. 

83. What is the Polar Star? 143. 

84. What is the circle of perpetual apparition and of perpetual 

occultation? 144. 

85. What is parallax ? 145. 

86. Describe Fig. 15, 146. 

87. Describe the Moon, 148. 

88. What is one of the most common errors with regard to the 

moon, and how has it been proved an error ? 150. 

89. What is the density of the moon compared vrith that of the 

earth? 153. 

90. What is the most obvious fact in relation to the moon } 155. 

91. Describe Fig. 16, 156. 

92. What is the mean difference in the rising of the moon from 

day to day ? 157. 

93. What is meant by the Harvest and the Hunter's Moon, and 

when do they occur ? 157. 

94. What are the tides } 160. 

95. Explain Fig. 17, 162. 

96. Explain Fig. 18, 162. 

97. What is an Eclipse ? 164. 

98. When does an eclipse of the snn or of the moon take place ? 

164. 
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99. Why is there not an eclipse at every new and full moon ? 
164. 

100. Why are there more eclipses of the sun than of the moon in a 

given course of years ? 165. 

101. Explain Fig. 19, 165. 

102. Explain Fig. '20, 166. 

103. What is meant by digits, as applied to eclipses of the sun and 

of the moon ? 168. 

104. What is the difference between the solar and the sidereal 

year? 171. 

105. Which is the longer, a solar or a sidereal year, and by how 

much? 172. 

106. What is the precession of the equinoxes ? 174. 

107. When do the sun and clock agree ? 175. 

108. What is the greatest difference between true and apparent 

time? 176. 
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